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HE next monthly meeting of the Society will be held in the 

Engineering Societies Building on Tuesday evening, April 14. 

The subject is the ‘‘Conservation of our Natural Resources,” 

which has recently assumed so great prominence through the action 

of President Roosevelt in inviting the governors of the several States 

and the presidents of the national engineering societies to a confer- 

ence in Washington in the month of May, to consider ways and 
means for the conservation of our resources. 

The April meeting will be addressed by four speakers of wide repu- 
tation, who will give a general presentation of the situation as related 
to the sources and extent of our present supplies. The subject of 
deforestation will be treated by a representative of the department of 
forestry, whose talk will be illustrated by the government lantern 
slides. Fuels and water power will also have a presentation. The 
last address will be by Dr. Henry §S. Pritchett, President of the 
Carnegie Foundation, who will speak upon the obligations of the 
engineer, who directs the use of nature’s great stores of lumber, 
fuels and minerals, taking as his subject ‘The Engineer as Related 
to the Body Politic.” 

This will be the most important and far-reaching in its consequences 
of any of the monthly meetings held by the Society. An array of 
facts will be marshaled, which should arouse in every engineer a 
feeling of personal responsibility that he do his utmost in forwarding 
this great movement, in which his training and experience fit him 
to take a leading part. 
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It is expected that the four national engineering societies, and the 
engineering profession generally, will coéperate in this work and the 
position of this Society is expressed by the following resolutions passed 
at the March meeting of the Council in response to the letter from 
President Roosevelt published in the last Proceedings, asking for our 
codperation and representation at the conference by President Holman. 





WHEREAS, an invitation has been received from the President of the United 
States, asking the coéperation of this Society and its participation in the con- 
ference to be held in Washington, May 13 to 15 next, to discuss the conservation 
of the natural resources of the country: 

Resolved, that the Council unanimously accept this invitation on behalf of 
The American Society of Mechanical Engineers and heartily undertake to coéper- 
ate with the President of the United States and with other engineering societies 


in furthering this important movement. 

Resolved, that the executive committee of the Council be empowered to formu- 
late at once a plan for such coéperative action and that the official representa- 
tives of the Society be authorized to take part in conferences with the represen- 
tatives of the other national engineering societies, with a view to complying with 
the suggestion of the President of the United States. 

Resolved, that the Secretary be directed to communicate this expression of the 
Council to the President of the United States and to the other societies concerned. 


It is evident that the final responsibility for the successful outcome 
of this movement must rest with the engineering profession and the 
Council urges the membership to send to the Secretary suggestions 
and plans for the effective execution of the above. 


THE SPRING MEETING AT DETROIT 


Features that will contribute to make the Detroit meeting of 
unusual value professionally, and of much more than ordinary interest 
to both members and guests, are the conventions at the same time in 
that city of the Society for the Promotion of Engineering Education 
and of the Society of Automobile Engineers. 

The Detroit meeting will open on the evening of June 23 and end 
Friday afternoon, June 26. The sessions of both the Society for the 
Promotion of Engineering Education and the Society of Automobile 
Engineers will be toward the latter part of the week, after the main 
sessions of our convention. 

The program will be arranged to allow members interested in 
subjects at the sessions of the other societies to attend those sessions, 
without missing papers on similar or related subjects read before 
their own society. On this account the arrangement of the program 
can now be only tentatively announced. 
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As planned by the Meetings Committee, there will be a short but 
important professional session on Tuesday evening, followed by an 
informal reception. On Wednesday morning and afternoon there 
will be professional sessions and in the evening a lecture of general 
interest to both members and guests. Thursday morning will be 
devoted to the presentation of papers. On Thursday afternoon there 
will be an excursion and on Thursday evening will be the main recep- 
tion. 

It is probable that opportunity will be given for a trip to the 
University of Michigan at Ann Arbor. The Society for the Promotion 
of Engineering Education are to visit Ann Arbor and plans are con- 
templated for a joint session at the University. 

Meetings will also be held by the Gas Power Section of the Society, 
arranged as far as possible so as not to conflict with the other sessions. 

The papers for the Detroit meeting cover a wide range, including a 
symposium on the conveying of materials, an important subject in 
all industrial work, and papers relating to automobile construction, 
gas power, fuels, combustion and the use of steam. The late date at 
which this meeting is to be held will enable those connected with 
engineering schools to attend in larger numbers than heretofore at 
the Spring meeting, since in most cases their commencement exer- 
cises will be over before the meeting convenes. 


DINNER IN HONOR OF THE PRESIDENT OF THE SOCIETY 


President Holman was the guest of honor at a dinner given by the 
Missouri Athletic Club in St. Louis on Saturday evening, March 7. 
Mr. E. E. Wall, vice-president of the club was toastmaster, Mr. W. A. 
Layman responded for the Engineers Club of St. Louis; Mr. Robert 
Moore for the Civil Engineers; Col. E. J. Spencer for the Electrical 
Engineers; Dr. C. M. Woodward for Washington University. The 
dinner closed with an address by President Holman. 

Informal addresses were made by Mr. B. H. Colby, Consulting 
Civil Engineer, Ex-Sewer Commissioner of St. Louis and a former 
associate of Mr. Holman on the Board of Public Improvements; Col. 
S. Bent Russell, Chief Engineer of the Louisville Water Company; 
and Mr. R. 8. Colnon, who were associated with Mr. Holman in the 
water depart ment of the City of St. Louis. 

The Dinner Committee consisted of Messrs. William H. Bryan, 
chairman, J. A. Laird, and Edward Flad, members of this Society and 
of the Engineers Club. 
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The following members of the Society were present: Messrs. J. H. 
Ames, P. DeC. Ball, F. E. Bausch, Wm. H. Bryan, Edw. Flad, J. C. 
Higdon. A. W. Higgins, M. L. Holman, V. Hugo, J. A. Laird, G. W. 
Lillie. 


MARCH MEETING 


The monthly meeting for March, held in the Engineering Societies 
building, was well attended and the paper “The Steam Path of the 
Turbine,”’ by Dr. Charles P. Steinmetz, was followed by a spirited 
discussion and an equally vigorous and forceful reply by the author. 
Although the paper was of a highly mathematical character, the sub- 
ject was treated in a clear and varied manner and the audience was 
deeply interested to the end. 

The Society was fortunate in having Professor Breckenridge, Vice- 
president of the Society and Professor of Mechanical Engineering of 
the University of Illinois, for its Presiding Officer. Not only was 
Professor Breckenridge particularly happy in his manner of presiding 
and in the atmosphere of freedom which he gave to the meeting, but 
his presence in the chair emphasized the national character of the 
Society organization. 

It is interesting to note also that none of those who spoke at the 
meeting was from New York City. They came from Schenectady, 
N. Y., Pittsburg, Philadelphia, and from New Haven, Conn., while a 
contributed discussion was sent from Boston. 


MONTHLY MEETING OF THE AMERICAN INSTITUTE OF ELECTRICAL 
ENGINEERS 


Members of the Society, in company with the members of the other 
national engineering societies, were invited to the meeting on March 5 
of the American Institute of Electrical Engineers to hear an address 
by the Hon. Gifford Pinchot, Forester of the Department of Agricul- 
ture. 

Mr. Pinchot presented the general problem of the conservation of 
our natural resources, dwelling upon forestry only in its relation to 
the other resources of nature essential to the continued prosperity of 
our country. 

The main point he desired to bring out was the necessity for the 
engineer to take the lead in this matter and because he has the great- 
est information on the subject he is the more responsible. The people 
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have been thinking only of present success and expansion; now they 
must provide for stability of the country’s greatness. 

Previous to the meeting a luncheon was given at the Engineers’ 
Club in honor of Mr. Pinchot, by the President of The American 
Society of Civil Engineers, Mr. Macdonald. To this luncheon were 
invited the President and Secretary of each of the Founder Societies. 


THE SOCIETY REPRESENTED AT THE ANNUAL DINNER OF THE 
BOSTON SOCIETY OF CIVIL ENGINEERS 


The annual reception and dinner of the Boston Society of Civil 
Engineers was held at the Hotel Vendéme, Boston, the evening of 
March 10. This Society was invited to be represented and as it 
was impossible for President Holman to attend, Mr. Fred J. Miller, 
Vice-President, was asked by the Council to do so. 

About two hundred and seventy-five engineers were present and 
the addresses given after the dinner dealt largely with the relation of 
the engineer to public service and public duties. 

Mr. Miller, on being introduced by President Howe of the Boston 
Society of Civil Engineers, referred to the varied character of their 
membership, which consists of all kinds of engineers; not only mech- 
anical, but civil, electrical, mining and others. He said the various 
fields of engineering gradually blend from one to another. Engineer- 
ing does not consist of a number of distinct compartments that are 
air-tight and water-tight, after the manner of a modern ocean steamer, 
and engineers are not separated from each other by walls of steel. 
While it is not desirable that the various engineering organizations 
should amalgamate, it is desirable that they should coéperate; and 
he referred to the Engineering Societies Building, New York, as 
affording an opportunity for different organizations to become 
not consolidated—but neighbors, so to speak, as engineers ought to 
be. 

Mr. Miller then dwelt upon the engineer as a citizen, as bearing 
upon the topic of the evening. The inclination and education of the 
engineer have been in the direction of fitting him to do things benefi- 
cial to mankind and to do this in a way that is perfectly straight; 
to return to society far more in value produced than he himself ab- 
sorbs. 

The engineer lives by showing people how to do new things in new 
ways and thus exerts a potent influence upon social conditions. His 
work has a far-reaching influence upon our manner of life and he 
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should appreciate that it may bring about new civic as well as techni- 
cal questions that he must be prepared to meet. The engineer 
abhors and fears unbalanced structures and history shows that unbal- 
anced social structures are more to be feared than unbalanced engi- 
neering structures. 


MR. WOODBURY REPRESENTS THE SOCIETY 


Mr. C. J. H. Woodbury of Boston, Mass., was appointed Honorary 
Vice-President to represent the Society at the National Conference on 
Standard Electrical Rules, held Friday, March 27, at 1 o’clock, in the 
auditorium of the New York Edison Company, at 44 West 27th 
street, New York. At this meeting the rules approved by the Under- 
writer’s National Electric Association at its meeting were to be 
reviewed, and the effect these rules may have upon all interests con- 
sidered. 


AMENDMENT TO BY-LAWS 


In accordance with the provisions of C59, at the meeting of the 
Council, February 14, it was proposed to add to the present By-Laws 
the following: 


The Research Committee shall consist of five Members, Associates or Juniors, 
The term of office of one member of the committee shall expire at the end of each 
annual meeting. 

This committee shall have supervision of such research or investigations as 
may be directed or approved by the Council; shall correspond and collaborate 
with committees of kindred technical, scientific or other societies; shall keep in 
touch with researches conducted in other countries, which are of value to the 
engineer, and shall report the same quarterly to the Council. 

The committee will be expected to maintain a system of announcement of 
results of research, and the trend of investigations, in any field, which will be of 
value to the engineering profession. 

Gifts or bequests to the Society for the conduct of research or investigation 
shall be expended under the direction of the Council and shall be kept separate 
from other Society funds. 


These amendments embody the final and approved report of the 
committee appointed by the Council to frame By-Laws for the govern- 
ment of a Research Committee provided under C45 of the Constitu- 
tion. 

The Secretary hereby reports to the membership that the above 
amendments to the By-Laws were ordered and approved by the 
Council at its meeting March 10. 
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4 GIFT TO THE LIBRARY 


Mrs. Annie M. Forney has graciously presented to the Library th 
books on engineering collected by her husband, the late Matthias 
Nace Forney, who became a member of the Society the first year of its 
organization. 

The collection includes 158 books on general engineering subjects, 
19 handbooks, many volumes of transactions of engineering societies 
and bound volumes of periodicals. A complete list chronologically 
arranged will be found among “‘New Books” in this issue. There 
are also portraits of George Westinghouse, Charles R. Johnson and 
Howard Fay, and a photograph of a Baldwin locomotive 

By means of such gifts as these the usefulness of the Library to the 
engineering profession can be most effectively increased and the 
Society wishes to acknowledge the thanks it feels are due to Mrs. 
Forney. 

Among the books in the collection is a copy of Galloway’s treatise 
on the steam engine, edition of 1830, containing what is generally 
helieved to be the first entirely complete account of the locomotive 
trials at Rainhill in 1829 when Stevenson’s Rocket carried off the 
prize. This book also contains illustrations and descriptions of some 
of the earliest forms of steam vehicles for use on common roads 

Another valuable work is the report of the Committee to the House 
of Commons in 1831 upon steam carriages, including the complete 
discussion before the House, this being the official reprint made for 
the United States House of Representatives in 1832. 

There is also a copy of the report to the House of Representatives 
by the Treasury Department in 1838 upon the use of steam engines 
in the United States and the accidents and injuries resulting from 
them. 

Prof. Walter R. Johnson’s report on American coals is also in the 
collection, as well as a copy of Reuleaux Kinematics, Professor Ken- 
nedy’s translation of 1876, which has been out of print for a long 
time and is quite difficult to obtain. 

Among the Proceedings of professional societies included in the 
above list are volumes which aid in completing the partial sets already 
in the possession of the Society. 

One work of distinct personal interest in the collection is a copy of 
Mr. Forney’s own book, the Catechism of the Locomotive, containing 
his own manuscript corrections. There are also several editions of 
the Car Builders’ Dictionary, in the preparation of which he took 
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an important part, so that the collection is distinctly representative 
of his work. 

The packages of pamphlets and photographs refer to important 
investigations in railroad and locomotive engineering matters in 
which Mr. Forney took an active part and which he directed to be 
preserved on account of their historic value. A detailed review of 


these will be given hereafter. 














NECROLOGY 


GEORGE WARREN HAMMOND 


George Warren Hammond was born at Grafton, Massachusetts, 
April 4, 1833, and died at Yarmouth, Maine, January 6, 1908. 

He was educated at Cambridge, Massachusetts, and in 1900 received 
the honorary degree of A.M. from Bowdoin College. 

He began his career in a mercantile establishment at Long Wharf, 
Boston, and was subsequently imployed in a wholesale dry goods 
store. In 1854 he went to the Cumberland Paper Mills near Port- 
land, Maine, and after a few years became manager. During this 
time he increased the capacity of the works many times, making a 
large success of the enterprise. 

He resigned from the Cumberland Mills and entered the Massa- 
chusetts Institute of Technology as a special student on the chemist ry 
of paper manufacture. In 1876 be became manager of the Forest 
Paper Company at Yarmouth, Maine. This mill was a pioneer in the 
manufacture of soda pulp and Mr. Hammond introduced many 
economies in this line of paper manufacture. 

He retired from active business January 1, 1906. 

Mr. Hammond had great ability as an organizer of industrial est ab- 
lishments, was a strong believer in the training of young men, and 
was one of the originators of what is now known as “ welfare work” 
which provides the most favorable conditions for the housing and 
care of his help. 

He served in the Maine Legislature from 1868 to 1870, was a mem 
ber of the Maine Board of Agriculture, and also took active part in 
the collection and publication of Maine vital statistics 

He was interested in botany and mineralogy and was a member of 
the Visiting Committee of the Botanic Gardens and 
Harvard University from 1888 until his death. 


Herbarium of 
He was amember 
of the Congregational Church and of the ‘Trinity (Episcopal) Church 
of Boston. 

In educational matters he was trustee of the Gorham Academy, 
President of the Board of Trustees of the North Yarmouth Academy, 
Chairman of the Trustees of the Merrill Memorial Library at Yar- 
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mouth, Maine; Trustee of the Thatcher School Associates, West brook, 
Maine, and held numerous local offices in the two Maine towns where 
he lived. He was 32d Degree Mason, and in addition to member- 
ship in this Society, was a member of the American Pulp and Paper 
Association, American Association for the Advancement of Science, 
Society of Chemical Industry, London; American Institute of Mining 
Engineers, Society of Arts, Boston; Franklin Institute, Philadelphia; 
Massachusetts Historical Society, Horticultural Society, New England 
Historical and Genealogical Society, Bostonian Society. 

While a man of force in the administration of the great manufac- 
turing responsibilities under his charge, his personal life was that of 
a student, and he devoted himself to study and special investigations 


JAMES POWELL 


James Powell was born in Ghent, Belgium, in 1832 and his parents 
came to America during his childhood. In 1846 he began the work of 
brass manufacture at his father’s factory in Cincinnati, Ohio. This 
business was the founding of the manufacture of plumbers brass 
goods in the West. 

An interesting item in the records of Mr. Powell’s early business 
was an order from the Union Army during the Civil War for one thou- 
sand pairs of spurs of a special pattern to be delivered in 48 hours. 
There were no castings on hand and patterns had to be made, but 
the goods were shipped within two hours of the stipulated time. 

In 1886 the business was merged into a stock company with Mr. 
Powell as president and manager, and he held this office until his 
death. 

Mr. Powell invented many devices, among which patents were 
secured on globe valves, blow-off valves, lever throttle valves, im- 
provements on lubricators, glass engine oilers, grease cups, injectors 
and devices for trimming engines and boilers. 

Mr. Powell wrote frequently for magazines and journals, and was 
a reader and student. 

He was a member of the National Geographic Society, the National 
Association of Manufacturers, Manufacturers’ Club of Cincinnati, 
the Queen City Club; the Business Men’s Club of Cincinnati and 
other business and philanthropic societies. He was an active worker 
in the Baptist Church, being a trustee and deacon for about forty 
years. 

Mr. Powell died February 25, 1908. 
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SAMUEL WEBBER 


Colonel Samuel Webber died at his home in Charlestown, N. H 
on February 23. He was born December 9, 1823. 

At 18 years of age he entered the employ of the Merrimac Manufac 
turing Company at Lowell, Mass., there developing the etching process 
for engraving rolls, and familiarizing himself with the operations of 
cotton manufacturing. He also assisted Dr. 8. L. Dana in his experi 
ments with boilers and fuel combustion. In 1847 Mr. Webber went 
to Lawrence, Mass., as draftsman and assistant engineer in building 
the former Bay State Mills. He was superintendent of these works in 
1849-1850. In 1850 he was sent to Europe to study worsted and 
linen manufacture and to note the improvements in cotton machinery. 
While in London in 1851 Mr. Webber acted as one of the jurors on manu- 
facturing machines and tools at the Crystal Palace, Hyde Park. 

teturning to this country in 1852 Mr. Webber set up a series of worsted 

machines in Lawrence and conducted extensive experiments with 
them. In 1853 he went to New York and arranged the exhibition in 
Reservoir Square, acting as commissioner of juries. In 1854 he went 
to Springfield, Mass., and finished building a cotton mill at Indian 
Orchard, installing the machinery and operating it for four years as 
the Ward Manufacturing Company. In 1858 he went to Manchester, 
N. H., as manager of the Manchester Print Works, remaining there 
until 1864, when he resigned to take charge of the Portsmouth Steam 
Mill, manufacturing spool cotton. While there Mr. Webber in com 
pany with J. 8S. Davis of Holyoke, Mass., and Phineas Adams of Man 
chester, N. H., called the first meeting for the formation of the New 
England Cotton Manufacturer’s Association. Early in 1861 he was 
commissioned colonel and aid-de-camp on the staff of Governor Berry 
of New Hampshire and was commissioned to equip and command the 
First New Hampshire Light Battery in May, 1861. Colonel Webber 
went to Washington with this battery and the Fourth New Hamp 
shire Infantry in October, 1861, and turned over the troops to the 
United States government. 

In 1865 Colonel Webber did alarge amount of engineering work dur- 
ing the autumn and winter forthe owners of the water power at Bellows 
Falls, Vermont, measuring the flow of waterthere. In 1870 he collated 
the returns of the industrial division of the census at Washington. 
In 1871 he took up the question of the measurement of power, measur- 
ing by dynamometer the power used by cotton and other machinery, 
indicating steam engines, testing turbines, measuring waterflow, 
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examining water privileges and acting as expert in power cases in 
court. Colonel Webber was one of the judges of the cotton and cot- 
ton machinery group at the Centennial Exhibition at Philadelphia and 
prepared many of the reports and data. He was one of the judges at 
the Atlanta Exhibition in 1880. He was the author of many techni- 
cal articles and he also wrote many interesting sketches of outdoor 
life which have been published in Forest and Stream, and other 
magazines. 













ANNOUNCEMENT 


Under the direction of the Council the Committee on Society 
History has arranged to present the results of its investigations to 
the members of the Society. 

The Preliminary Report will appear in the Proceedings of the 
Society from month to month, and thus enable the matter to be open 
to comment during its completion. It is especially desired that any 
member who may be in the possession of facts or information bearing 
upon the various points as they are thus made public will communi- 
cate with the committee, in order that the final and completed report 
may have the advantage of the collaboration of the membership at 
large. 


HISTORY OF THE AMERICAN SOCIETY OF 
MECHANICAL ENGINEERS 


PRELIMINARY REPORT OF THE COMMITTEE ON Society HistTory 


CHAPTER |]—Continued 


16 At the second annual meeting an important discussion took 
place regarding the general publication of papers presented before 
the Society. In the original Rules it was provided, in Article 40, that 
the Society should hold copyright of all papers, except by special 
agreement between the Council and the author, with the provision 
that the author should not be deprived of the right to give copies of 
his papers for publication in any reputable journal; the Society not 
being responsible for any such unofficial publication. 

47 An amendment to Article 38 of the Rules had already been 
offered at the Hartford meeting requiring the Secretary to submit 
proofs of papers to authors and to the membership so far as possible. 
This amendment was brought up at the Altoona meeting, in August 
1881, and carried. This was practically the beginning of the plan of 
sending out advance papers for each meeting. 

18 At the Altoona meeting another amendment was presented by 
Dr. James C. Bayles, bearing upon Article 40. This amendment 


; 
| 
| 
' 
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provided that the Secretary should have printed copies of papers for 
distribution to the press at the time of reading, but that the author 
should be considered as having withdrawn his paper from the Society 
if he allowed it to be published prior to its presentation at the meeting. 

49 An animated discussion upon this matter occurred at the 
second annual meeting in New York, showing that at that period 
in the development of the Society its papers were already sought as 
valuable material by the technical journals, and that some definite 
arrangement was necessary by which the Society might provide full 
opportunity to its members to give their work the wide publicity 
thus attainable without at the same time anticipating the appearance 
of their work at the meetings. 

50 Although it developed at this discussion that it was the desire 
that the widest possible publicity for papers presented at the meetings 
be encouraged, the amendment was lost; and Dr. Bayles gave notice 
that he would present it again for consideration at the next annual 
meeting. 

51 All of this discussion showed that the practice then in vogue 
of presenting papers in manuscript at meetings without giving the 
membership opportunity to examine them beforehand, was by no 
means satisfactory, and that there was a disposition to remedy this 
defect, aided by the technical press, through the efforts on the part of 
the various journals to secure the most desirable papers at as early a 
date as possible and so get ahead of rival publications. It was thus 
really an encouraging sign of the interest in the work of the Society, 
and of the part which it was already beginning to fill in the field of 
engineering. The entire discussion, as it appears in the Transactions 
of the second annual meeting, is both instructive and interesting. 

52 Another matter of importance was brought up at the second 
annual meeting, one which has received a satisfactory solution only 
within recent years. Under the original rules the papers presented 
to the Society were to be submitted to the Council for approval and 
acceptance, and after presentation, the Council had the authority to 
direct that the papers be printed. 

53 At the second annual meeting a paper was presented, read, 
and discussed, and directed to be printed, but this latter action was 
reconsidered at the same meeting, and action taken that the paper be 
referred back to its author, with instructions for him to present 
additional facts regarding the experiments upon which the paper was 
based. The result of the discussion was that the paper was accepted, 
and was published in the Transactions. This cumbersome method 
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of dealing with such cases was not wholly obviated until the work was 
divided, much later in the history of the Society, between two stand- 
ing committees, one, the Committee on Meetings, whose duties were to 
procure papers and print them in advance issue, the other, the 
Publication Committee, whose duties were to edit them for subsequent 
appearance in the Transactions, this latter committee having power 
to select from the material such as it should decide to be suitable for 
permanent preservation in the Transactions, and to omit any matter 
not deemed desirable for publication. 

54 Between the dates of the second annual meeting, in November 
1881, and the spring meeting of 1882, the Society met with a great 
loss in the death of Alexander L. Holley, who passed away on January 
29, 1882. Since Mr. Holley had been a member of the American 
Society of Civil Engineers, and the American Institute of Mining 
Engineers, as well as of The American Society of Mechanical Engi- 
neers, action was taken by all three organizations, a joint committee 
meeting in New York on March 22, 1882, and arranging for a united 
memorial session, and also discussing the practicability of erecting 
some kind of a monument to his memory. In the catalogue of the 
Society, issued at the beginning of 1882, there were placed, by direction 
of the Council, the names of Henry Rossiter Worthington, and Alex- 
ander Lyman Holley, at the head of the list as Honorary Members in 
Perpetuity, Deceased Founders of the Society, where they have 
remained in each succeeding issue of the catalogue. 

55 The first regular meeting of the Society for 1882 was held in 
Philadelphia, April 19 to 21, the sessions being held in the lecture room 
of the Franklin Institute. Although the principal business matters 
of the Society are reserved for the annual meetings, there were some 
important questions brought up to which attention may properly 
be called. 

56 The incorporation of the Society was formally announced as an 
accomplished fact; a committee appointed to aid the other national 
societies in effecting the restoration of the United States Commission 
of Tests of Metals and other Constructive Materials, presented a 
report, and a memorial session was held upon the death of Mr. Holley. 

57 Another matter came up in a form which makes it an interest- 
ing anticipation of what has so recently become a reality, the erection 
of a Union Engineering Building for the several national societies. 

58 From the time of its formation the business headquarters of 
the Society had been at the office of the Secretary, at 239 Broadway, 


New York. 
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59 There was now appointed a Committee on Permanent Location, 
this committee having in charge the question of the provision of a 
building for the Society. In his introductory remarks at the opening 
of the meeting, the President, referring to the work of this committee, 
said: 


The Society of Civil Engineers has a house in. New York, which it now owns.’ 
The Institute of Mining Engineers has no headquarters, and it is at a great dis- 
advantage for that reason, and it is the hope of members of those two societies 
and of this Society, with whom I have talked on the subject, that in the course of 
time the three may unite in putting up a building, probably in the city of New 
York, which will be the headquarters of the members in the city. That being 
done it will form the center for the engineering interests of the whole country. 
That is the scheme which the Committee on Permanent Location has in hand. 


60 It is interesting to note that at the time this suggestion was 
made the American Institute of Electrical Engineers had not yet 
been founded, and that it was not for 25 years that the dream of a 
Union Engineering Building became a reality. 

61 Another plan then mentioned for the first time, afterward to 
be realized, was that of a trip to Europe, a joint committee of the 
Civil, Mining and Mechanical Engineers having this under considera- 
tion. This idea, largely the proposal of Mr. Holley, naturally lan- 
guished after his death, and the committee reported that the times 
were not yet ripe, so that it was indefinitely deferred. How effectively 
it was afterward realized the records for 1889 and 1900 will show. 

62 The Holley Memorial Session, held on the afternoon of April 
19, 1882, is fully reported in the Transactions of that year. Addresses 
were made by the President of the Society and by Dr. Bayles, and 
responses by Mr. Fernie, Mr. Coxe, Mr. R. W. Hunt, Mr. Metcalf, Mr. 
Porter, Mr. Hoadley, Mr. Coleman Sellers, and others. 

63 The tribute was one such as is rarely given to a man whose 
career has been spent among the stern realities of steel and iron, of 
force and motion, and it might be well if the members of today would 
occasionally turn back to vol. 3 of the Transactions of the Society 
and read what its members had to say to each other about the man 
who did so much to bring the organization into being, It may be 
well in this connection here to add the words which he himself spoke 
but a short time before his death, at a meeting of his associates in 
Pittsburg: 


' This refers to the house then occupied by the American Society of Civil Engi 
neers at 127 East 23d street, New York 
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Among us all who are working hard in our noble profession, and are keeping 
the fires of metallurgy aglow, such occasions as this should also kindle a flame of 
good fellowship and affection which will burn to the end. Burntothe end! Ah! 
well, may it so happen to us that when at last this vital spark is oxidized, when 
this combustible has put on incombustion, when this living fire flutters thin and 
pale at the lips, some kindly hand may “turn us down,” not “underblown”— 
by all means not “overblown’—some loving hand may turn us down that we 
may, perhaps, be cast in a better mold. 


64 The joint memorial session was held in New York in connec- 
tion with the annual meeting of 1882, and the address delivered by 
Dr. R. W. Raymond_will be found in connection with the report of 
that meeting. The memorial, for which subscriptions were made by 
members of the three national societies, took the form of a bronze 
portrait bust, which now stands in Washington square,in New York. 

65 At the Philadelphia meeting a point was raised which has 
since governed the action of the Society in a number of instances, and 
is now incorporated in its Constitution. In the discussion of a paper 
upon standard gages it was suggested that the Society should in no 
case adopt anything, but that it should simply publish the reports 
of its committees, the results of its investigations, and the like, and 
thus give the information to the world for public use. As a conse- 
quence of this precedent, the Society has never adopted any standard, 
or code, or any report of any kind, and has been careful to make 
this fact known, so that it is regarded as taking a higher ground, 
namely, that of laying the work of its members and committees 
before the profession to stand on its merits, rather than on any official 
endorsement. This precedent, brought out first at the Philadelphia 
meeting of 1882, is now crystallized into Article C56 of its Constitu- 
tion, as follows: 


The Society shall not approve or adopt any standard or formula, or approve 
any engineering or commercial enterprise. It shall not allow its imprint or name 
to be used in any commercial work or business. 


66 The report of the Committee on the Tests of Materials of 
Construction took the form of a paper presented by Professor Egleston 
followed by a discussion, the paper including a memorial to be pre- 
sented to Congress, urging the appointment of a commission 


to plan and execute the needed investigations and tests upon materials used in the 
manufacture of machines, buildings, bridges, and other constructions, to deduce 
such rules from them as will lead to the greater safety of the structures, and 
economy in the use of the materials of which they are made. 
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67 The result of this report was the acquisition of a great number 
of signatures to the petition, which was subsequently presented to 
Congress, and which materially aided in the consummation of the 
desired result. 

68 In this connection, it may be stated that the large testing 
machine at the Watertown Arsenal, used by the commission and 
acknowledged to be the highest example of this type of mechanism, 
was the invention and design of Mr. Albert H. Emery, a member of 
the Society. 

69 At the Philadelphia meeting a paper was read by Mr. Frederick 
Fraley, himself not a member of the Society, but one of those who 
had founded the Franklin Institute in 1824, President of the American 
Philosophical Society, and one of the hosts of the Society at the meet- 
ing. Mr. Fraley’s address constituted a review of the progress of 
mechanical science from the date of the founding of the Franklin 
Institute in 1824 to the date of the meeting in 1882, and as such it 
forms a valuable contribution to the work of the engineer. It was 
included in the published papers of the meeting, and appears in vol. 3 
of the Transactions. 

70 The annual meeting of 1882, held at the Turf Club theater, 
New York, opened, as has already been said, with the Holley memorial 
session, held jointly with the American Society of Civil Engineers, 
and the American Institute of Mining Engineers. The address 
delivered by Dr. Rossiter W. Raymond was an eloquent tribute to 
the memory of Mr. Holley, and was published in full in vol. 4 of the 
Transactions. 

71 At the business session of this meeting the report of the 
Treasurer showed that a critical period in the history of the Society 
had been reached. The extension of the work of the Society, includ- 
ing the plan already put into practice of printing the papers in advance 
of the meeting, caused a natural increase in its expenditures, and 
the discussion turned largely upon the question of ways and means 
for the future. 

72 The amendment, presented by Dr. Bayles a year before, con- 
cerning the printing of papers, was given animated discussion, and 
finally passed in an amended form, the conclusion of the amended 
Article 40 having the now familiar form: 


The policy of the Society in this matter shall be to give papers read before it the 
widest currency possible, with a view to making the work of the Society known, 
encouraging mechanical progress, and extending the professional reputation of 
its members. 
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73 ~=At this meeting the general desirablity of revising the By-laws 
of the Society was discussed, and the Council was directed to appoint 
a special committee to undertake this work. 

74 The report of the tellers of election announced the choice of 
Mr. EK. D. Leavitt, Jr., of Cambridgeport, Mass., as President, and 
the reélection of Mr. Charles W. Copeland as Treasurer. 

75 The address of Prof. R. H. Thurston, the retiring President of 
the Society, may be compared with the address made by him at the 
close of his first year of office, since it shows again the state of several 
departments of the applied science of engineering at that date. 

76 He mentions iron as being “fairly displaced by its younger 
rival, mild steel,’’ and refers to the Forth bridge as one of the great 
engineering projects in contemplation. The development of the 
roller mill as a substitute of the buhr stone for the grinding of flour 
is mentioned as worthy of note, as well as the progress of the grain 
elevator system for handling grain. 

77 Especially interesting, however, is the reference to what he 
termed “the last established branch of our profession, Electrical 
Engineering.”’ 

78 Speaking of this novel subject he says: 


We find ourselves still in the midst of a revolution, the progress of which we are 
all watching with unusual interest—the displacement of our older methods of 
supplying light and power by a new system, which but lately was but the toy of 
science, and which comes out of the least utilitarian of all branches of pure physics. 
Brush has set up his blazing sunlike are lights in nearly every large city of the 
world; Edison has spread a network of conductors throughout the most densely 
settled parts of New York City, distributing many thousands of his clear mellow 
lights to send their soft white rays into corners never yet revealed by the feebler 
yellow light which they displace. It remains to be learned what is to be the cost 
of the new method of illumination; no figures that I consider wholly reliable have 
yet been given. It seems sufficiently certain, however that the arc light is much 
more economical than gas—the same quantity of light being demanded—for the 
illumination of streets, public squares and large interiors, while interior illumina- 
tion by incandescent lamps is still generally more costly than any other usual 
method. 


79 Speaking of progress in marine engineering, he refers to the 
fact that the record holder of the day, the Alaska, was ‘‘making 18 
knots regularly, closely followed by the Arizona, and the Servia in 
this wonderful performance.”’ 

80 Although the original Rules provided for the election of 
Honorary Members, no election to that grade had been made until the 
third annual meeting, but at that time a number of names were 














372 SOCIETY AFFAIRS 


announced as having been chosen in the honorary list. These were 
all foreign engineers with the exception of Mr. Peter Cooper, of 
New York. Of the other Honorary Members then elected three, 
Messrs D. K. Clark, C. W. Siemens, and Sir E. J. Reed, were from 
England; four, Messrs. Hirn, Hallauer, Schneider and Tresea, were 
French; and two, Messrs. Clausius and Reuleaux, were German. 

81 Among the papers presented at this meeting there may be 
mentioned that by Professor Lanza, recording the results of test 
made upon full sized spruce beams in the laboratory of the Massa- 
chusetts Institute of Technology, as well as a paper upon steam boiler 
inspection, by Mr. F. B. Allen. 

82 The plan of having but two meetings each year having super- 
seded the original number of three, the summer meeting of 1882 was 
the seventh regular meeting of the Society, and was held from June 
12 to 14, at Cleveland, O., the sessions taking place in the City Hall. 
This was the first meeting held as far west as the Great Lakes, and 
the location itself is evidence of the widening interests of the Society. 

83 As has since proved to be’the case at the summer meetings of 
the Society, much of the activity of the gathering was due to the 
opportunities to visit local objects of interest. These included visits 
to iron and steel works and to the ore-handling equipment at the 
docks. 

84 Among the important papers presented at this meeting were 
those of Mr. Henry R. Towne on cranes, and Mr. William Kent upon 
the evaporative power of bituminous coals. In the light of present 
progress much interest attaches to the paper of Mr. W. E. Ward, dis- 
cussing the use of beton combined with iron as a building material, 
this constituting a very complete review of what is now better known 
as “reinforced concrete,” and generally accepted as one of the most 
important modern methods of construction. 


(To be continued) 











GAS POWER SECTION 
GAS ENGINE AND PRODUCER GUARANTEES 


By PROF. C. E. LUCKE, NEW YORK 
Member of the Society 


In negotiations between builders and purchasers of gas engines and 
producers it has been the custom to introduce a guarantee of perform- 
ance expressly covering certain important items, such as horse 
power capacity, efficiency, fuel consumption per unit of output, degree 
of regulation, workmanship and material and items involving the 
general questions of their adaptability to service and reliability. 

2 In the course of my practice it has been brought home to me 
rather forcibly that these guarantees are often so loosely written 
that they fail to express precisely what was intended, and what is 
more important, indicate the professional need for an accepted 
mode of procedure and interpretation of terms. In the short time 
permitted me to prepare this discussion I have not been enabled to 
present as many different forms of guarantees as I should like, but 
perhaps the following illustrations, clipped from some old contracts, 
will serve my purpose, which is more to call your attention to the 
need of action on this question than to present specific examples. 

ENGINE CAPACITY 

3 A statement of engine capacity involves a correct definition of 
the output of the engine in terms capable of being checked by test and 
in simple language that cannot be misinterpreted. A few examples 
will be given for illustration. 

FORM A 


This engine is to be capable of developing 100 b.h.p. 


4 This would seem at first glance to be clear and definite, yet as a 
matter of fact it is not, because, first, the engine in question was 

'The following papers and discussions were presented at the first meeting of 
the Gas Power Section on Tuesday evening, February 11. 


The Society as a body-is not responsible for the statements of facts or opinions 
advanced in papers or discussions.—C55. 
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direct connected to a generator and was without any means for deter- 
mining the brake horse power, except by figuring back through the 
generator efficiency, which involved a calculation based on some- 
body’s else data not verifiable; and second, it makes no provision for 
overload. Is the engine to be capable of delivering just 100 b.h.p, or 
is there implied in the common usage of the term “horse power” a 
certain excess? What is the length of run which determines the horse 
power capabilities of anengine? It might seem that if an engine gave 
a required horse power for one hour, it would be capable of doing so 
for two, three or four hours, or a week; yet, as a matter of fact, the 
engine, being new, might run hot at the end of the first hour. In that 
vase, has the engine proved itself incapable of delivering 100 b.h.p.? 
Furthermore, there is no kind of gas specified. An engine which 
might deliver 100 h.p. on natural gas probably would not deliver over 
80 h.p. on weak producer gas. There is no speed mentioned beyond 
the fact that in another part of the contract it reads that the engine 
speed shall be 100 r.p.m. If the brake horse power has been obtained 
satisfactorily with 90 r.p.m. has the engine failed? 


FORM B 


This engine, when running at the normal speed of 100 r.p.m. with gas containing 
125 B.t.u. per cu. ft. will develop 900 b.h.p. 


5 This would seem to be better, in as much as it fixes a certain 
speed and a certain calorific power, but as practically all the gases 
used as power fuels contain some hydrogen, there will be a difference 
between the calorific value by the calorimeter and the heat actually 
available in engines of this class with hot exhausts. The gas supplied 
might have a calorific power with the high value greater than that 
specified, and the low value lower. Has this engine then failed? Or 
has it fulfilled its guarantee? The time element for the run would 
seem to be covered in the following: 


FORM C 


We guarantee this engine to be capable of developing 500 i.h.p. for a period of 
three consecutive hours, at the specified rate of speed, operating on producer gas 
of good quality, manufactured by the Dawson gas producer, and containing not 
less than 125 B.t.u. per cu. ft. 


6 Here the indicated horse power is specified, but in tests of such 
engines there will be differences in the indicator cards, often as great 
as 10 per cent, for which no provision is here made, and it becomes 
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a matter of arbitration to decide what is a fair average card. Fur- 
thermore, it is to be noted that in this, as in Form A, the capabilities 
of the engine are guaranteed and not the actual performance. It 
would seem that if an engine can show a certain mean effective pres- 
sure, and will run, it is capable of giving a certain horse power at a 
certain speed, whether it ever did so or not. There are also in Form 
C three’ definitions of the gas. It is to be good; it is to be the kind 
made by the Dawson producer; it shall have 125 B.t.u. per cu. ft. 
In an actual case, however, these may be somewhat contradictory. 

7 The altitude at which an engine is to run will affect its capacity, 
as will also the pressure at which the gas is supplied, and the tempera- 
ture of the gas. The following, Form D, is somewhat better in this 
respect than those preceding. 


FORM D 


The gas supplied to the engine is to be producer gas of approximately 125 effec- 
tive B.t.u. per cu. ft., when figured at 62 deg. fahr., and 30 in. mercury, and 
shall be free from injurious amounts of tar, dust, sulphur, and other foreign ingredi- 
ents. The gas is to be supplied to the engine at a pressure not exceeding one-half 
pound per square inch by pressure gage, and not less than four inches pressure by 
water column, and at a temperature not exceeding 100 deg. fahr. 

Revolutions per minute at normal load, approximately 150. 

Altitude above sea level, approximately 500 feet. 

Under the above conditions the normal rating of the engine will be 500 b.h.p. 
The engine will, however, be capable of developing 15 per cent overload for a 
period not exceeding two hours. 


8 The foregoing contains as an indefinite element the quantities 
of tar, dust, sulphur, etc., elements which are injurious, without 
defining how much of each shall be considered injurious. 


PRODUCER CAPACITY 


8 In what terms shall the capacity of producers be defined? 
Shall we rate producers in terms of horse power? Evidently not, 
because they do no work. It might seem proper to rate them in 
terms of the horse power of the gas engine that can be driven from 
the producer gas, but as the rate of gas consumption of different 
engines is different, this would’make the capacity of a producer depend- 
ent upon the efficiency of an engine, which is obviously unfair. 
The real function of a gas producer is to gasify coal, and it might seem, 
advisable to define its capacity in the quantity of coal it can gasify 
within proper limits, or in terms of the volume of gas, or the quantity 
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of heat it can produce in the form of gas. Such is the intention of the 
following, Form E. 


FORM E 


We guarantee this producer to be capable of gasifying 400 pounds of good 
quality No. 1 buckwheat anthracite coal per hour. 


10 As this particular producer was operated by a steam jet blast, 
the coal consumed by the boiler should, in all fairness, be likewise 
specified. Furthermore, what is good quality No. 1 buckwheat 
anthracite coal, and for how many hours will the producer keep up 
its rate of production? The time element becomes important, 
because some producers will not run more than a few days without 
cleaning and others will continually get hotter and have to be relieved 
of load to cool off. There is, moreover, no provision in this form for 
overload or excess capacity. Form F gives a different mode of 
defining producer capacity. 


FORM F 


The producer is rated at 200 h. p. 

Normal capacity, 20 000 cu. ft. of gas per hour. 

Maximum capacity, 30 000 cu. ft. of gas per hour. 

The producer is designed to operate on anthracite coal, coke or charcoal in 
sizes which will pass over a three-eighths inch screen. The gas leaving the pro- 
ducer will be cool, dry and free from injurious amounts of tar, dust and other 
foreign matter as required for gas engine purposes. It will have an approximate 
heating value of 125 B.t.u. per cu. ft. measured at 32 deg. fahr. and 30 in. 
barometer. 


11 How free of injurious matter must a gas be as required for a 
gasengine? Weall know that one form of engine is capable of operat- 
ing with more dirt than another, and which one is here meant? How 
are the cubic feet of gas to be measured and at what pressure? Meters 
for this purpose are very costly, are proverbially inaccurate, and 
who should supply them in case they are to be used? The calorific 
power of the gas is not stated as the high or the low value, as pointed 
out in discussing the case of engine capacity, and the horse power and 
gas capacity may, in a test, conflict. 


ENGINE EFFICIENCY 
12 The guarantee of engine efficiency involves, in addition to the 
guarantee of capacity, one of input energy. The following forms, 
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G, H, I and J, are expressions having this end in view and are written 
after the subject of engine capacity has been guaranteed so that refer- 
ences to load imply that previously specified in these clauses. 


FORM G 


It is guaranteed that the above engine shall not require to exceed 10 000 B.t.u. 
per b.h.p. per hour on full load when running on Dawson producer gas and not 
to exceed 15 000 B.t.u. of the above gas when running on half load. 


FORM H 


The quantity of gas containing not less than 125 B.t.u. per cu. ft. consumed 
is guaranteed not to exceed 80 cu. ft. per i.h.p. developed per hour, or not to 
exceed the amount produced by the Dawson producer from one pound of best 
quality No. 1 buckwheat anthracite coal. The engine in each case operating under 
full load. 


FORM I 


We guarantee that the engine specified in the foregoing will produce the 
brake horse power stated, with a consumption of British thermal units inthe form 
of gas, not exceeding 10 000 B.t.u. (low heat value) per b.h.p. per hour when opera- 
ting at full load provided the gas contains no more than 14 per cent of hydrogen, 
0.01 grams of tar per cu. m. and 0.03 grams of dust percu.m. The British ther- 
mal unit value of the gas may range from 120 B.t.u. to 145 B.t.u, but should be 
kept as constant as possible. 


FORM J 


We guarantee that this engine shall develop the brake horse power when oper- 
ating at full load with a gas consumption equivalent to 10 000 effective B.t.u. per 
hour, and at half load it will require 15 000 effective B.t.u. per b.h.p. per hour 
and the fuel consumption at intermediate loads will be proportionate. 


13 In these forms for engine efficiency no radically new condi- 
tions are introduced, because the input energy of an engine involves 
the output of the producer, and the same elements of indefiniteness 
previously pointed out are here repeated. Does Form I imply that 
at zero brake horse power the heat consumption will be 20 000 B.t.u. 
per b.h.p. per hour? Evidently this must be infinity. 


PRODUCER EFFICIENCY 


14 The defining of producer efficiency involves, besides the out- 
put or capacity rating in terms of gas, or heat in the form of gas, its 
input energy in the form of coal; and perhaps steam, if it be a steam 
cooled producer. The following Form K is one very commonly met 
with. 
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FORM K 

We will guarantee this plant, when operating on good quality No. 1 buckwheat 
anthracite coal, to deliver gas in quality and quantity equal to an average of 10- 
000 B.t.u. per pound of coal gasified in the producer. We guarantee this gas to 
contain 125 B.t.u.per cu. ft. 


15 This fails to define the coal. It fails to define input energy in 
the form of steam or coal burned to make that steam; it also fails in 
providing for the measuring of the gas energy by cubic feet and British 
thermal units per cubic foot under proper limits. It is a good example 
of a guarantee that it is practically impossible to check by test because 
of the difficulty in measuring the coal in addition to the lack of gas 
meter pressure. 


16 It may seem a simple matter to measure the coal fired to a 
producer in pounds per hour as fired, but it is not a simple matter to 
measure the coal gasified. Many producers contain a weight of coal 
and ash combined equivalent to over twenty hours regular supply. 
The problem of finding the coal consumed, or judging it from the coal 
fired, involvesthe determination of the condition of the bed before and 
after the run. In boiler practice it is usual to make a run of about 
twelve hours when coal measurements are involved. If it be assumed 
that the grate will contain at any one time as much coal as would be 
fired in one-half hour, this means that the length of run is 24 times as 
long as it takes to fire one grateful. If, in the producer, the bed 
contains 20 hours supply, or the equivalent of 20 hours regular 
firing, then the same degree of accuracy would require a length of run 
of 24 by 20 hours or nearly a month, which is never made. 


REGULATION 


17 It is often a requirement of regulation that it be good enough, 
or proper for the service, as for example in Form L. 


FORM L 


We guarantee that these engines will operate the herein mentioned generators 
(60 cycle alternator) in parallel without cross-current in excess of good steam engine 
practice. 


1S Such a guarantee as this is very indefinite, and its fulfilment 
is more a matter of opinion than of scientific definition or test measure- 
ment. A more common form of regulation guarantee, in terms of per 
cent, is given in Form M, and a still more complete form of the same 
general clause is given in Form N. 
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FORM M 


Between no load and full load the mean speed variation shall not exceed 3 pe 
cent either way from the normal speed for all reasonable and usual changes of 
load. In case of unusual and sudden large changes of load the speed may momen- 
tarily exceed these limits, but will not exceed the limits of safety. 


FORM N 


The required regulation, under this contract, for each of the above engines, 
is that the total variation in speed, due to change of load shall not exceed the follow- 
ing percentages. From no load to rated load, not to exceed 5 per cent; from quar- 
ter load to rated load, not to exceed 4 per cent; from half load to rated load, not 
to exceed 3 per cent; from three-quarters load to rated load, not to exceed 2 per 
cent. When running on a continuous fixed load, the variation is not to exceed 
1 per cent above or 1 per cent below normal speed. It shall be the privilege of 
the builder to require that the official test for determining whether each engine 
conforms to the above guarantee shall not take place before each engine shall have 
been in operation 30 days. 


19 These last two forms are defective, in as much as there is not 
common acceptancé of the meaning of the words “revolutions per 
minute’”’ and the mode of measurement. 


20 What is a usual change of load, and when is a change of load 
sudden? How long a time is implied in the word “momentary,” 
and what is a limit of safety? These are all extremely indefinite and 
such lack of definition holds a possibility of dispute and law suits. 
How are the revolutions per minute to be determined? Are the 
revolutions to be counted for one minute or counted for five minutes 
and divided by 5, or counted for one-tenth of a minute and multiplied 
by 10? All of these modes of measuring will give different results 
for the revolutions per minute. 


21 Perhaps I have said enough to make it clear that in some exist- 
ing guarantees of gas engines and producers there is a deplorable lack 
of definiteness; a prevalent tendency to guarantee in terms of units 
that cannot be measured, or which are extremely costly to measure, 
or which may be measured in several ways without defining which 
one is implied. 

22 Out of all this apparent confusion there are several simple and 
direct ways, and the selection of one as the solution of the problem 
is, first, a question of definition of terms with limiting conditions, and 
secondly, one of mutual agreement to accept such definition. Noth- 
ing would be easier than for me to answer these questions myself, 
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but to do so would defeat my purpose in raising the issue. It is 
the duty and privilege of this Gas Power Section of The American 
Society of Mechanical Engineers to give to the industry an answer 
based on mature judgment. I, therefore, lay this before you for 
consideration and discussion. 








A SIMPLE CONTINUOUS GAS CALORIMETER 


BY PROF. C. E. LUCKE, NEW YORK 


Member of the Society 


All heat engines in practical operation, when supplied with com- 
mercial fuels, may have their performance expressed in the pounds 
of coal, gallons of oil, the cubic feet of gas or other fuel units per 
horse power hour, but as the thermal value of the different specimens 
of any one fuel is not constant, such a mode of defining performance 
fails to give the thermal efficiency of the engine or plant and, in 
addition, and what is more important commercially it is impossible 
to judge which is the cheaper fuel. 

2 The high class.steam plants and large consumers have come 
to the point of purchasing coal in heat units instead of tons, and their 
specifications contain a fixed price for one quality of fuel, based on 
its calorific power as found by systematic and regular calorimeter 
tests, and carry with this clause a bonus for exceeding a fixed calorific 
power and a penalty for failing to reach it. The coal in any one ship- 
ment will run fairly constant in calorific value, so it is only necessary 
in such tests that the calorific value of a fixed number of samples be 
taken to evaluate the lot in order to reduce the purchasing of coal 
to the basis of the purchasing of heat 

3 The coal calorimeter thus has been brought into use as a com- 
f the 
plant as the coal scales, and its sphere of usefulness has in consequence 


mercial measuring apparatus, as valuable in the daily work 


been extended beyond the more occasional-efficiency tests of the coal 
fired plant. 

4 In a similar manner the calorific value of a fuel gas fixes the 
output of the gas producer, the input energy of the gas engine, and 
the usefulness of public service and other gas supplies for such pur- 
poses as furnace heating, cooking and the production of light by all 
mantle methods. The gas calorimeter has found a useful place in tests 


of gas for such purposes, but as the calorific power of a gas may vary 


The Society as a body is not responsible for the statements of facts or opinions 


advanced in papers or discussions. C55 
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widely and quite suddenly, such tests become of value only when made 
continuously, which is not possible with the ordinary intermittent 
instrument. And further, to be of commercial value in the pur- 
chase of heat in the form of gas instead of buying cubic feet of gas, 
it is necessary that the gas calorimeter be made automatic as well as 
continuous, or at least that it be continuous and operative by common 
unskilled labor. In the everyday operation of a gas power plant, 
involving the gas engine and producer, the daily performance of one 
cannot be separated from the other without such an instrument, nor 
can the engine and producer operator do more than guess at the 
proper adjustment and handling of their apparatus. 

5 The general need of such an instrument that would be as neces- 
sary to the gas maker and gas user as the steam gage is to the fireman 
and steam engineer has been keenly felt and serious effort has been 
made to supply the need; but as the work of different investigators has 
never been published it is necessary to resort to the records of the 
patent office to show the nature of this effort; which has not as yet 
resulted in the placing of such instruments on sale. 

6 Prof. Hugo Junkers of the Royal Polytechnicum at Aix-la- 

Chapelle, Germany, patented in this country March 10, 1896, the gas 
calorimeter in Fig. 1, which up to the present has been the standard 
instrument for the determination of the heating power of gases. The 
principle underlying the instrument is extremely simple and as most 
of the members are familiar with it, it will not be described much in 
detail here. 
7 Agas burner of the Bunsen type liberates the heat of combus- 
tion of the gas. The hot products of combustion from this burner, 
together with any excess air that may have been admitted to the 
chamber containing it, pass vertically upward through a straight 
flue, under the ordinary draft influence of the heated column. They 
then pass downward through a number of small tubes surrounded by 
water which, in cooling them below the atmosphere, assists in the 
descent of the gases. 

8 Adjustments are provided in the instrument, consisting of a 
water-controlled valve to regulate the quantity continuously flowing 
through, and different gas orifices for the burner, to accommodate 
different gases which may vary in calorifie value from less than 100 
to more than 1000 B.t.u. per cubic foot, tothe end that the final tem- 
perature of the issuing productsof combustion may be reduced to that 
of the atmosphere, it being assumed that the gas is supplied at the 
same temperature as the atmospheric air. With corrections for 
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radiation, this mode of procedure results in the giving to the water 
flowing through the instrument all the heat of combustion of the 
gases and none of the heat of the atmosphere which supports the com- 
bustion. 
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Fic.1 Junkers Gas CALORIMETER 


9 An accurate wet gas meter is used to measure the amount of gas 
burned and a graduated liter jar, into which the discharging water 
can be directed at will, serves to measure the quantity of water simul- 
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taneously with the gas. A small gas holder is also provided to remove 
from the meter, so far as possible, the pressure fluctuation effects of 
the pipe line, permitting the gas to be measured at a constant pressure. 

10 Wide fluctuations of gas pressure exist in ordinary working, 
especially in blast furnace plants, often varying from ten inches water 
pressure above to several inches below atmospheric pressure, without 
warning and in short periods of time. In such cases the gas supply 
is to be provided for by separate means, as must also be done when a 
suction producer, which is always under a vacuum, is under observa- 
tion. The best method I have found of eliminating this variable 
pressure trouble has been an ordinary suction tee, discharging into a 
reservoir chamber with a water sealed overflow. 

11 Another defect of the ordinary Junkers instrument that 
becomes somewhat serious with weak gas is the tendency for the gas 
to go out at the burner, due to the lifting action of the draft on the 
flame. This I have succeeded in overcoming in practically every 
case by placing a flat disk of copper about one-eighth inch above the 
burner outlet, and extending beyond the burner about one-half inch 
allaround. The flame will then burn under the disk with no tendency 
to lift and is supplied with the proper amount of air on the under side. 

12 Athird defect, and probably the most important commercially, 
is that after the observations have been made of quantity of gas, quan- 
tity of water and temperature rise of the water, which require a 
reasonably skillful man and considerable time, the calorific power is 
only found by calculation as follows: 

lb. of water 
13. B.t.u. per cu. ft. of gas [ee <x temp. rise of water. 
cu. ft. of gas 
The instrument therefore, though found extremely valuable in test 
work, fails under the conditions of operation previously mentioned, 
is not continuous, and therefore is not as valuable commercially as 
it might be. It cannot be handled by a common fireman in charge 
of a producer, and furthermore is quite expensive. 

14 It was pointed out by Junkers in 1903, and later by several 
others independently, that if the ratio of the water supply to the 
cubic feet of gas burned in the same time could be kept constant, 
then the calorific power would be directly proportional to the tem- 
perature riseof the water. A patent was issued toJunkers in England 
in 1904 and on October 19, 1906, in the United States, ten years after 
his original patent, describing an instrument to maintain this pro- 
portionality and to record the differences in temperature, thus making 
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the instrument continuous and automatic. Fig. 2 shows what was 
proposed by Junkers to accomplish this result. To the gas meter 
there is now added a water meter and the two meters are geared 
together. 

15 I doubt whether any water meter and gas meter can be made 
that will accomplish the desired result when one drives the other, 
or when both are driven from an outside source, until new principles 
in meter operation are discovered; and the additional meter adds to 
the expense. The rise in temperature of the water is found directly 
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Fig. 2. JUNKERS CALORIMETER, WITH WATER METER, WHICH IS GEARED TO 
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by a sliding scale extending over the stems of the two thermometers 
and graduated the same as these thermometers; the zero to be applied 
to the low temperature and the rise to be read off directly opposite 
the high temperature. By introducing on this sliding scale the 
constant of proportionality fixed by the meters, a second scale may 
be added, giving the British thermal units per cubic foot of gas directly. 

16 To make the instrument recording, or to permit it to be read 
from a distance, Junkers proposed a thermo-couple and a milli-volt- 
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meter, which may be either indicating or recording in type, and it will 
give directly the temperature difference between the hot and cold 
junctions. 

17 A second means of attaining proportionality was proposed by 
Schutte and Koerting and a patent granted to them covering it on 
January 2, 1906. This involves the principle of displacing gas by the 

yater to be used, both directly and indirectly, two forms being shown. 
In the direct form, Fig. 3, a pair of small tanks is arranged above the 
gas heater or calorimeter and provided with numerous valves and 
ports to control the flow of water and gas. Water admitted to one 
of these chambers displaces gas from it, the gas having previously 
been drawn in while the water was running out to the instrument. 
The various valves are operated by the rise and fall of these two 
chambers, due to the weight of water they contain, with the net result 
that the water and the gas are taken alternately from the right and 
left hand chambers, the gas being forced to the burner by the filling 
of one chamber with water, and the water being supplied to the 
instrument by the emptying of the other chamber simultaneously, 
drawing in a gas supply. 

18 This principle of displacement produces intermittent action 
and an element of uncertainty in momentary ratios of water to gas, 
because the rate of gas supply depends on the rate with which a tank 
fills with water from a constant head supply, while the rate of water 
supply depends on the rate with which a similar tank discharges this 
water under a variable head. In order that the momentary rate of 
filling and emptying two similar but separate tanks may be the same, 
there is involved a very complicated problem in practical hydraulics 
which is not here solved. 

19 The second form of apparatus for the attainment of propor- 
tionality proposed by these men, Fig. 4, includes a pair of piston 
pumps and is free from the objection noted above, but is also very 
complicated and costly. The principle involved in both of them 
however—the attainment of proportionality by displacing the gas 
with the water—is extremely interesting, although its practical 
application is somewhat difficult to reduce to simplicity and positive- 
ness. 

20 Another interesting new point in this case is the means pro- 
posed for recording the temperature differences after the proportional- 
ity is established. Instead of using the thermo-couple proposed by 
Junkers, a means is shown depending upon the expansion of a liquid 
which is really a differential liquid thermometer. Into the water 
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entering the instrument and into the water leaving the instrument 
two small liquid chambers are inserted, each provided with a small 
plunger projecting out through the top. As the liquid in this 
plunger chamber takes the temperature of the cooling liquid, the fixed 
body of liquid will expand and contract and the plunger projecting 
into it and held by a spring in one direction will rise and fall. The 
difference between the position of the two plungers with an initial 
setting indicates the difference between the temperature of the 
ingoing and outgoing liquid, with a certain time lag of course, and 
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Fic. 5 SarGent’s ARRANGEMENT OF THE JUNKERS CALORIMETER 


is made to indicate on a dial by a piece of mechanism entirely 
mechanical. 

21 One attempt to reduce the labor necessary to operate the 
ordinary Junkers instrument and also to eliminate the error of simul- 
taneous reading of water and gas is shown in Fig. 5, which represents 
the instrument patented by C. E. Sargent March 27, 1906. The new 
element in this case is the water valve controlling the discharge from 
the heating chamber, which is magnetically operated through electri- 
“al contacts on the gas meter dial. The instrument is however 
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intermittent in action and requires the attention of an operator to 
observe the quantities and to make calculations for calorific power. 

22 An instrument of the automatic sort was patented by H. L. 
Doherty, August 14, 1906, which in principle is much the same as 
that described by Schutte and Koerting. The maintenance of propor- 
tions between the water and the gasis accomplished by Mr. Doherty by 
displacing the gas supplied to the burner from a tank, with the water 
that has passed through the heating chamber. Preparatory to using 
the gas it is allowed to remain in the tank long enough to acquire the 
temperature of the room and the final temperature of the gas is 
adjusted by varying the effective heating surface of the heater, thus 
reducing any error due to inequality of the temperature of the gas, 
air and fuel. The instrument is complicated, requiring some sixty 
figures in the patent specifications to illustrate it. 

23 The various attempts to render the instrument automatic and 
continuous have, in the first instance, involved greater complication 
than the original instrument, whereas it is extremely desirable that 
less complication be introduced and real continuity of action, instan- 
taneous equality of rates of gas and water flow and maximum sim- 
plicity be attained. 

24 The method which I have proposed and used for accomplishing 
this is shown in Fig. 6 as applied to the heating chamber of the ordi- 
nary Junkers instrument. It is well known that a nozzle or fixed 
orifice, when supplied either by gas or water under a constant pressure, 
becomes a very accurate measure of the quantity flowing. In this 
instrument shown, water is allowed to flow to the heating chamber 
from a water nozzle, and gas to the Bunsen burner through a gas 
nozzle, both supplied from a constant pressure chamber. With 
these nozzles the constancy of ratio of the quantity of gas to quantity 
of water can be maintained without difficulty, the only possible 
sources of error being in a considerable change of pressure, which is 
improbable, or in a clogging of the instrument by dirt, which probably 
would not be serious by reason of the mode of introducing the gas by 
water aspiration and the ease with which nozzles can be’ removed. 

25 At the top is shown a water aspirator which draws gas from 
the main through a water seal to remove the main pressure, dis- 
charging water and gas together into the chamber. The surplus 
water passes down the center through an overflow and the surplus 
gas goes through a water sealed by-pass shown here as a glass bottle. 
Gas is then taken from the top of the chamber to the Bunsen burner 


The 


and water from the bottom of the chamber to the water orifice. 
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water supply pipe to the heating chamber is arranged to bring the 
inlet water thermometer close to the outlet water thermometer and 
in the final form of such an instrument these two stems will be 
arranged so as almost to touch, permitting the use of a sliding scale 
such as proposed by Junkers. There may also be used in place of 
these thermometers, and if desired in addition to them, a group of 














Fic.6 Junkers CALORIMETER, ARRANGED BY THE AUTHOR FOR GIVING A 
Continuous REcORD OF THE QUALITY OF GAS 


thermo-couples. At my request Prof. Wm. H. Bristol applied 
such a group of couples to this instrument in my laboratory at 
Columbia and recorded the temperature difference on one of his 
transparent smoke chart recording milli-voltmeters, which gives, so 
far as I know, the first continuous record made in this country of the 
quality of gas applied to a main for a considerable period of time. 
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26 It is evident, also, that the form of the chamber from which 
the water and gas are both supplied to the nozzle and the means for 
maintaining a constant pressure therein may be subject to quite a 
large number of variations in form to adapt it to the particular 
conditions or the taste of a designer, the requirements being simply 
that water and gas shall be supplied from a constant pressure chamber, 
and preferably supplied to that chamber, though not necessarily by a 
water aspirator, which would render both the gas and chamberpressure 
independent of pressure fluctuations of the gasmains. To adapt the 
instrument to different gases, it is only necessary to supply calibrated 
nozzles of different capacity. Thus, for rich natural gas a small 
gas nozzle and a large water nozzle would be used, while for producer 
gas or blast furnace gas a large gas and a small water nozzle. By the 
adjustment of nozzles any desired rise in temperature with any kind 
of gas can be secured and it takes only a minute or two to change the 
nozzles. Two chambers can be used if desired, one for water supply 
and the other for gas. This is especially desirable, even if not abso- 
lutely necessary, for gases containing matter that might be absorbed 
by water or lost by condensation, such as CO, or some hydro- 
carbons. 

27 It is hoped that this presentation of the problem of continuous 
gas calorimetry, and one simple mode of solving that problem, will 
prove of some benefit to the gas power industry by removing one of 
the many uncertainties involving both the commercial and scientific 
phases of the question. 











DISCUSSION 
GAS ENGINE AND PRODUCER GUARANTEES 
By Pror. CHARLES E. LucKE, PUBLISHED IN THIS ISSUE 


Mr. J. R. Brssrns_ It would seem that the analysis of this paper 
by Professor Lucke had laid bare all of the troublesome uncertainties 
which the gas engineer is obliged to meet in the present state of the 
art. But although the chaotic conditions reviewed by Professor 
Lucke do undoubtedly exist, I believe they are more the result of 
inexperience or the improper application of the standards favored 
by the most experienced manufacturers of this country, whose specifi- 
cations will generally be found to cover accurately the great majority 
of points raised by Professor Lucke, and to provide the customer with 
a specific standard upon which to base his acceptance. 

2 There is, however, one uncertainty to which all of us are sub- 
ject; I refer to the absolute calorific values of constituents occurring 
in various power gases, either in the form of pure hydrogen, or as 
numerous Other members of the hydro-carbon family. But even on 
this subject it seems that authorities materially disagree, hence, the 
engineer may at least find partial excuse for his confusion. 

3 At the very beginning of any consideration of this subject of 
gas engine efficiency, we are, in addition, face to face with the question 
of higher or “‘total’’ versus lower or “ effective’ heat value. To be 
sure, the standard gas engine testing code recommended by the 
Society, describes definitely the total heat value, but is it not possible 
that developments in this branch of technical science since the formu- 
lation of this code may make it desirable to reconsider the subject? 
The most important builders of this country are unanimous in their 
adoption of the effective heat value. It seems unfortunate therefore 
that the Society’s recommendations and present engineering practice 
cannot be brought into more complete harmony. 

4 A very effective statement of the merits of the case occurs in 
the discussion of the Society’s proposed code by Mr. Arthur J. Frith, 
at the time of its adoption. The burden of his remarks was an 
attempt to discriminate between condensible and non-condensible 
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vapor engines, which is entirely proper. The internal combustion 
engine belongs to the latter class, and as such should be credited with 
the latent energy of any moisture carried through the cycle in the form 
of superheated steam. But from what limiting temperature or datum 
should this heat carried through the exhaust be deducted—from 212, 
62, 32 deg. or from the temperature of the atmosphere prevailing at 
the time of the test? The latter I understand is the basis employed 
by German engineers. 

5 Without having studied the matter conclusively, it seems to me 
that the entropy diagram would be of material assistance in formulating 
ideas along the lines discussed; i. e., to locate the proper datum from 
which to compute effective heat values. While the exact entropy 
changes above 212 deg. are open to some uncertainty, owing to the 
fact that the gas and vapor cycles are not in phase, so to speak, the 
sub-atmospheric areas are entirely definite and readily indicate the 
relative values of these various bases of computation. I therefore 
suggest that some consideration be given this entropy study in the 
future work of standardization. 

6 It will be apparent that with the disparity in practice above 
outlined, it is well nigh hopeless to compare gas engine efficiencies 
unless brought toa common basis, viz: effective heat values. In fact, 
I do not see how there can be any question on this point,as the 
following example will indicate: First, the case of blast furnace gas: 
With a leaky tuyere at the furnace, the water is immediately disso- 
ciated, resulting in a bad “dose’’ of hydrogen at the engine. Are 
we justified in inferring that the gas engine, as a thermal agent, shows 
impaired efficiency because of the greater amount of latent energy 
in vapor formed by combustion within the cylinder? Second, a 
suction producer in which the moisture developed by the evaporator 
varies abnormally for reasons quite external to the gas process: Do 
the resulting fluctuations in the hydrogen content of the gas, and 
consequently the latent heat of the vapor formed, result in correspond- 
ing fluctuations in efficiency of the engine? Third, the case of a 
heating gas. Some producer builders argue for a high hydrogen gas 
for heating purposes. This, of course, is on account of the higher 
flame temperatures desired, but it would appear that the furnace is 
on the same plane as the gas engine as regards ability to utilize the 
latent heat of vapor formed during combustion, for these products of 
combustion are discharged at even higher temperatures. 

7 In view of the above, it is evident under what a considerable 
disadvantage the builder labors who adheres to effective heat value 
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as a proper basis for computing producer efficiencies, as compared to 
one who uses the higher heat value. And if a customer should pur- 
chase engine and producers separately, one guaranteed on lower and 
the other on higher heat value, there exists a wide gap which often 
requires more than tact for amicable adjustment. With these con- 
ditions prevailing, I believe one of the first duties of this gas power 
section should be to bring this matter to a satisfactory basis. 

8 The accompanying curves, Fig. 1 and 2, indicate how important 
is this difference between higher and lower heat value for different 
gases tested by the Junkers calorimeter. The ordinates are ex- 
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pressed in per cent loss per 1 per cent of constituent, as shown by 
volumetric analysis. Fig. 1 covers a wide range of heat value and 
Fig. 2 a limited range to a larger scale, corresponding to blast furnace 
and producer gas. Thus for a gas of 130 total heat units showing 20 
per cent hydrogen, the loss from hydrogen vapor would be 8 per cent, 
giving an effective heat valueof 119.5 B.t.u. Forotherhydro-carbons 
the loss is directly as the atomic proportion of hydrogen. These 
curves are based upon the total heat of steam at 32 deg., using the 
most recent values for the atomic weights. 

Mr. F. E. Junce' Referring to the designation of heating values 
in guarantees, the “ Rules and Regulations for Testing Gas Producers 


‘Consulting Engineer, New York. 
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and Engines,’ as prepared by the Verein deutscher Ingenieure, Berlin, 
Germany, contain the following passage: 

The calorific value of afuel isto be taken as itslower heating value, that is, 
the heat which is liberated through the complete combustion of the fuel when 
the burned products are cooled down to the original (room) temperature at con- 
stant pressure, it being assumed that the combustion water and the moisture 
contained in the fuel remain vaporized. The heat value of gaseous fuels is based 
on 1 cu. m. at 0 deg. cent., and 760 mm. barometer pressure, or it is expressed 
in calories as ‘‘effective’’ heat value, that is, reduced to 1 cu. m. of actual gas 
available. If nothing special is mentioned, then it is always understood that the 
heat value recorded has been reduced to 0 deg. cent. and 760 mm. barometer 
pressure. The efficiency of a gas producer plant is the ratio of the heat contained 
in the gas as produced to the heat of combustion of the total weight of fuel con- 
sumed in the plant, both items being computed from the lower heating value. 
In producer gas plants having a separately fired steam boiler, it is advisable also 
to determine the ratio of the heat which is chemically bound inthe producer gas 
to the heat equivalent of that portion of the fuel which is consumed in the pro- 
ducer proper for making such gas. 

2 Referring to the unavailability of information on compression 
pressures in internal combustion engines, authors are quite justified 
in evading genefal tabulated statements of compression pressures 
attainable with various gases or fuel vapors, because these pressures 
depend greatly on the size of the engine, the form of the combustion 
chamber, and the influence of jacket cooling, which factors are yet 
entirely dependent on local conditions of design, construction and 
operation. 


Mr. E. Ratusun_ It may be interesting to some of the mem- 
bers to know of a recent installation in New York of gas engines for 
refrigeration, aggregating about four hundred horse power. The 
installation is at the plant of Swift & Co.,on 152d street. Their 
disposition is to open it for inspection at any time. It is a duplicate 
plant, four 100 h.p. units on producer gas; two being direct con- 
nected to generators, and two chain connected to ammonia compres- 


sors. 


Mr. Henri G. Coararn' It may be of interest to give a brief and 
general description of the gasolene-electric car we have developed in 
our Schenectady works. 

2 The car is intended for use on small branch lines for railway 
service, a subject that has been agitated for several years and very 
strongly for the last few years. The car, some fifty feet in length, 
has a seating capacity of 46 persons and is driven by a gasolene 
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engine. It is an eight-cylinder engine, of the V type, the cylinder set 
at 90 deg., such as an eminent French engineer has developed for flying 
machine motors. This type of engine was selected as this class of 
work requires a compact and light engine, and we found that by using 
eight cylinders, we secured an engine which satisfactorily met these 
requirements. 

3 The engine has cylinders eight inches in diameter by seven 
inches stroke and develops 125 h.p. continuously at 550 revolutions. 
It is direct connected to a special generator and develops a brake 
horse power from something less than a pint of gasolene per hour. 
The valves are on the same side of the engine and are operated from 
a cam shaft situated directly in the V part of the engine, one shaft 
operating both valves. The ignition is by high tension spark coil 
and battery. The carburetters are of the Venturi type, without any 
auxiliary air valves whatsoever. We find, for an engine of this size, 
that satisfactory results at all loadings and all speeds can be obtained 
by properly proportioning the Venturi tube without auxiliary air 
valves for the admission of air to compensate for the varying velocities 
past the nozzle. The carburetter is fed by means of the customary 
float feed. 

4 The cooling of the engine is effected by thermo-siphon circula- 
tion. About thirteen hundred square feet of radiating surface are 
required, which necessitates about one thousand pounds of copper 
and brass tubing. 

5 For starting the engine we have adopted a scheme for “shoot- 
ing’ it. One cylinder is equipped with a breech block which takes 
a ten-bore shell loaded with approximately 300 grains of fine grain 
black powder. The engine is barred around so it is slightly over the 
center for this cylinder. The ignition system is turned on, and the 
cylinders are all primed. When everything is in readiness the car- 
tridge is shot by means of a simple trigger arrangement. We found 
this to be a satisfactory method of starting the engine. The products 
of combustion from the black powder are not at all injurious to the 
engine. After long runs we have taken the cylinder down, and no 
deposits of any amount were noted; in fact, the products of the powder 
mix with the oil and do no injury. The arrangement makes a 
very cheap and easy method of starting. 

6 The engine weighs complete a trifle less than thirty-nine 
hundred pounds. This, I think, covers in general the size, weight 
and horse power of the engine, but it may be of interest to say a few 
words in regard to the other members of the car. 
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7 The system of drive is electric, the engine being direct connected 


to a generator separately excited, the exciter also being direct con- 
nected to the main shaft. The car is controlled by varying the 
potential of the generator, which gives the necessary flexibility in 
regard to torque and speed. The engine is capable of a certain kilo- 
watt output, and this kilowatt output may be utilized in the two 
motors under the car, which can be used both in series and in parallel, 
and this output is capable of being used in any form that the road 
conditions demand. In other words, the voits and amperes are 
interchangeable through the separately excited machine. A large 
current is taken to start the car, and the current gradually falls off 
and the potential gradually rises until the car has attained full speed. 

8 The rate of acceleration of these cars is somewhere between the 
ordinary inter-urban electric car, and the steam locomotive; not quite 
as good as the electric, and a little better than the steam. A 125h.p. 
engine, such as we have, is capable of running this car, which weighs 
approximately 314 tons, at a maximum speed of a trifle over fifty-five 
miles an hour. This speed, in contra-distinction to steam equipment, 
can be sustained indefinitely. We could load up with gasolene and 
run as long as the gasolene lasted, at exactly the same speed. 

9 As to the gasolene consumption, the car is capable of making 
approximately 2.5 miles to the gallon of gasolene, which, at the rate 
the railways pay for gasolene, is rather a small fuel charge. 

10 I might say that the ordinarily accepted idea of the gasolene 
engine, due, possibly, to its early development in the automobile, 
that it is not a reliable source of power, is not correct; I can say 
emphatically that the gasolene engine will develop power sufficient 
to propel a car in constant service all day long and do it as reliably as 
a steam engine. 

11 This covers the main features of this outfit, but before closing 
I would like to suggest that some one give us a talk on compression. 
That is a subject, it seems to me, that is very much neglected 


A SIMPLE CONTINUOUS GAS CALORIMETER 
By Pror. CHARLES E. Lucker, PUBLISHED IN THIS ISSUE 


Mr. Henry L. Donerty I am the inventor of the calorimeter 
which Professor Lucke described as very complicated, and if I am not 
mistaken, I am the earliest inventor of the displacement principle in 
this connection. When my application went into the patent office, 
no citations were given me of antedating patents. 
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2 The question of a continuous gas calorimeter is, I think, of con- 
siderable importance, especially for producer gas. The calorific value 
of a gas changes very quickly, and a continuous gas calorimeter that 
will not lag too far behind the operation of the producer is important, 
and one of the greatest considerations is to get a prompt record of the 
performance of the producer, and not have the calorimeter lag behind 
several minutes, as is apt to be the case. We have gotten very good 
results by simply burning gas in an open flue, and recording the 
temperature of the escaping flue products. This is a scheme which is 
positive and will give accurate results, but I have not applied for 
patents on this calorimeter, and have never put it on the market; nor 
have I ever put the other one on the market, which Professor Lucke 
termed complicated, and which, by the way, a green operator can run 
continuously within four British thermal units on a gas of 600 B.t.u., 
und come within half of 1 per cent. 

3 Intreating so called gas turbines no distinction was made between 
what I would term the true gas turbine and the steam turbine, 
with a little of the products of combustion mixed in, as is the 
“ase where gas is burned and its temperature dissipated by vapor- 
izing water. I believe that a great deal of good work that might 
have been better applied, has been put on the development of 
the true gas turbine, for I do not think we have material that 
will stand both the velocity required and the high temperatures of 
combustion of a gas. I think a distinction should be made in our 
literature and nomenclature regarding a gas turbine and one which 
works with steam. 


THE RATIONAL UTILIZATION OF LOW GRADE FUELS 
IN GAS PRODUCERS 


By F. E. Junce, PuBiisHep 1n Mip-OcToBer PROCEEDINGS 


Mr. R. E. Marnor The very elaborate paper of Mr. Junge deals 
almost entirely with theoretical suggestions and general considerations 
regarding the efficiency of gas motive power. Perhaps it may not be 
out of place to describe here a little practical device, the use of which 
may lead toeconomy in the operation of gas plants by securing a method 
of watching the nature of combustion in the gas engine’s cylinder. 

2 If combustion is complete, owing to perfect mixture, which 
affords high efficiency, the exhaust gases should not contain any 
unburned gas such as CO. The presence of this gas in very small 
proportions in the exhaust can be detected by a simple appliance. 
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A small glass flask, about two inches in diameter and four inches 


high, closed with a cork, through which pass two vertical tubes, is 
used for collecting some of the exhaust gas. One of the tubes is con- 
nected to the exhaust pipe of the engine, while the end is plunged in 
mercury about one inch deep inthe flask. As soon as the connec- 
tion between the exhaust pipe and the flask is established, some 
exhaust gas will be blown into the flask at each stroke, and the mer- 
cury, operating as a check-valve, will prevent it from being with- 
drawn. The air contained in the flask, and afterward the exhaust 
gas, will be expelled through the second pipe open tq atmosphere and 
ending inside, at the top of the flask. 

3 To detect CO, which is contained in the exhaust gas contin- 
uously rushing through the flask, a small piece of white blotting 
paper is hung in the flask, the paper being previously prepared by 
dipping five or six times in a solution of double chlorid of palladium 
and sodium of such concentration as to give a dark brown color, and 
drying after each immersion. 

4 Ifthere is more than 1 per cent of CO in the exhaust gases, the 
paper will, in two or three minutes, lose its bright brown color and 
become gray. This shows insufficient air in the mixture for combus- 
tion, which can be corrected at the mixing valve. 


Dr. J. A. Hotmes In discussing this admirable and interesting 
paper, it is perhaps appropriate, in view of my own work, that I 
should allude to points connected directly with the investigation 
undertaken by the Government at the St. Louis Exposition, and which 
have been more or less continued, in part, under the supervision of 
the representatives of this Society. I desire particularly to call 
your attention to that phase of the investigation dealing with wastes 
that have taken place in mining, and in the utilization of both high 
grade and low grace fuels. 

2 The investigations that have been conducted at St. Louis, at 
Norfolk, and at Denver, during the past three years, had for their 
cardinal purpose the comparison of one character of fuel with another. 
It was hoped, and in part only was that hope realized, that these 
engineering investigations would give us results even more valuable 
than they were; but the equipment which we were compelled to use 
in the beginning was selected because it represented the ordinary 
power plant fin use in the United States, and the comparisons of 
the various fuels have been made on this equipment with only such 


slight modifications as were feasible at the time. It has been common 
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to find, where there is a vein eight feet in thickness, that two or three 
feet is left unmined, permanently lost because of the subsequent cav- 
ing-in of the mine. We have found, furthermore that, as Mr. Junge 
says, there is no sharp line between high grade and low grade fuels; 
that in certain mines the amount of coal left unmined, under the 
ground, exceeded 75 per cent of the total available coal, and the 
average result is that at least 50 per cent of the possible coal supply 
in these veins is left under the ground and unrecoverable. 

3 This 50 per cent of the total possible coal product referred to as 
being left underground includes, besides the supporting pillars, 
also the low grade parts of the coal beds and the adjacent overlying 
beds of coal damaged in mining the lower beds. This, like the loss 
of the 95 per cent of the heat units in converting coal into work, will 
probably never be entirely preventable, but every decided advance 
along either of these lines is a distinct gain and contributes both tothe 
present and the future welfare of the nation. 

4 Now we have found that the percentages vary all the way from 
20 to 70 per cent ash in the so-called low grade coals. I recall one 
case in particular in which out of a possible 25 ft. vein of coal only 
four feet were taken out because of unskilfulness in mining, and the 
rest left underground and practically destroyed. The carelessness 
with which coal miners have gone to work mining the lower seams and 
allowing cave-ins to follow, has had the result of leaving the coal in 
the higher seams unmined and practically lost because of the caving-in 
of the adjacent material. In West Virginia, and in Ohio, and in 
various other places, the cost of mining has been greatly increased, 
entirely out of proportion to the amount of coal that has been mined, 
because of this carelessness. 

5 I desire to call attention to the possibility of utilizing these coals 
by the location of plants at the mines, thus avoiding the cost of trans- 
portation. Consider as a single illustration the Pennsylvania Rail- 
road, which uses 40 000 tons of coal every day in its own locomotives. 
If, as is now being attempted, all of that power can be generated from 
low grade fuels now not utilized at all, we shall see an enormous gain 
in the direction of a solution of our fuel problems and our problem of 
transportation would be vastly lessened. Consider for a moment 
what the application of this same thought would mean tothe 100 000- 
000 tons of coal now annually consumed in our locomotives. 

6 Very few persons realize that so rapidly is the fuel industry 
developing that during each succeeding decade for the past 85 
years the amount of coal mined and used in the United States 
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has equaled that of all the preceding decades; so that the amount of 
coal mined and used between 1895 and 1905 was equal to that mined 
and used during the preceding 75 years. Now, there has not been a 
corresponding increase in efficiency, nor has there been any marked 
gain in the utilization of the low grade materials. Hence, what we are 
doing at the present time is skimming the surface, using the high grade 
coals and leaving the low grade coals, using the surface coals and 
leaving the deeper coals. Therefore, we are approaching a condition 
where our coal cost will be greatly increased and the amount of avail- 
able high grade coal very much diminished. I am not now prepared 
to say when that time will come, but we trust that our coal supply 
will last as long as that of any other country; still we must awaken 
to the fact that our high grade coals are passing so rapidly that coal 
lands used for supplying coke and for other special purposes in Mary- 
land and in West Virginia cannot be purchased in many sections for 
less than $1500 to $2000 an acre. 

7 In the extreme westerly portion of our country we find, too, 
a spirit of wastefulness which has doubtless been developed from the 
luxurious wealth of the country until one can hardly realize the extent 
of it. Recently we had occasion to investigate the lead and zine 
products of the country, and we found that fully 50 per cent of the 
possible supply is left unmined underground or wasted in processes 
of treatment. The same thing applies equally well and just as truly 
to other mineral resources of the country. 

8 I may say, in conclusion, that while these investigations have 
been in part under the supervision of this and the allied engineering 
societies, the President of the United States has, in his message to 
Congress, recommended the establishment by the Government of a 
special bureau for mining and engineering investigation, in which the 
work initiated at St. Louis in a crude way may be placed upon the 
highest possible plane as to equipment and engineering data. It is 
proposed, furthermore, that this new bureau shall be an independent 
bureau under the Department of the Interior and working in coépera- 
tion with the Geological Survey, and shall be placed entirely under the 
supervision of the representatives of national engineering societies 
and other allied bodies, who, together with those chiefs of Government 
bureaus who have to do with actual construction work, shall direct the 
energies of the department. 


Mr. R. E. Maruor I have been interested in the competition 
between the gas and steam engine, but I do not agree with those 
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who affirm that the gas plant will drive the steam engine from the 
field. Onthe contrary, I am of the opinion that both kinds of motive 
power will grow side by side and even stimulate each other to greater 
improvements. 

2 Ina series of articles contributed to the Engineering Magazine 
at the beginning of this year, | described several installations of 
steam and gas plants to meet different conditions. Gas, steam, 
liquid fuel or water, as sources of motive power, each possesses quali- 
ties better adapted to some special purpose than the others. 

3 The low figure attainable in a suction gas plant of 0.7 lb. of 
anthracite per brake horse power hour, has been met by the corre- 
spondingly low figure of 1.35 lb. of bituminous coal in a steam plant. 
Such steam plants are not, of course, common and the figure given 
refers to a type of semi-portable engine, made by two well known 
German firms, H. Lanz in Manheim and R. Wolf in Magdebourg, 
with a self-contained boiler, the engine being mounted upon the boiler 
which supports its chimney stack. 

4 The boiler is of the horizontal type with internal corrugated 
furnace from which extends a set of fire-tubes. The furnace and 
tubes are a removable system. The single or double superheater is 
placed immediately behind these tubes, in the fire-box, so that super- 
heating is obtained by the heat of the gases before passing to the 
chimney. The engines are horizontal, of the piston-valve slide type, 
and are made single, compound or triple expansion with single, 
double or triple superheating ranging from 300 deg. to 350 deg. cent. 

5 The very low consumption is mainly due to the high efficiency 
of the boiler and superheating arrangement, although the heating sur- 
face is small; to the high working pressure; to the absence of steam 
pipes; the high speed of the engines and high grade workmanship. 

6 The following figures are abstracts of atest that has been 
recently made on one of these semi-portable engines. 


Drake homes POW. 2... osc ceeds. 150 
Mechanical efficiency. . . . Be 92 per cent 
Initial steam pressure....... 180 Ib. sq. in 
Steam vaporized per pound coal...... 8.5 
Gross consumption bituminous coal per brake horse 

power hour 1.22 Ib. 
Heat values of said coal... ' ' 14 500 B. t. u. 


eet eT ree FF 

7 Another test on a 300 h. p. engine has shown even better results. 
Full data of the experiments and the illustration of these engines 
have been published in Power. 
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8 It is proposed by Mr. Wolf to do still better and he is building 
a 500 h. p. triple expansion, semi-portable engine, with triple super- 
heating; that is, the steam is separately superheated before entering 
each cylinder. He expects the following results: 


Working horse power..... 500 
Initial steam pressure........ 215 lb. 
Heating surface........ 815 sq. ft 
Gross coal consumption per brake horse power hour... 0.99 Ib. 
Steam per brake horse power hour... . 8.15 lb 


Mr. H. H. Suptee In regard to the performance of the Wolf 
engine, of which Mr. Mathot spoke, | think there is no doubt about 
its very high efficiency. I had occasion some time ago to examine 
some data and results of tests on some of these engines made by 
Professor Gutermuth, and the performance corresponded very closely 
to the figures given by Mr. Mathot. 

2 The high efficiency in this case, I think, is largely due to the 
elimination of transmission losses. It was shown at the Chattanooga 
meeting, and also by the experiments of Dr. Berner in Germany, that 
superheated steam loses its heat very rapidly. In the Wolf engine, 
the steam passes first through a coil superheater in the smoke box, 
where the greatest amount of heat is received, and from thence the 
steam passes directly to the high pressure cylinder. Then there is a 
similar reheater between the high and low pressure cylinders, and 
again a very short connection, and the engine is practically working 
with steam which corresponds very closely to what Professor Rankine 
calls “steam gas.’’ Mr. Mathot speaks of steam temperatures cor- 
responding to 300 deg. cent., or 572 deg. fahr., and at such tempera- 
tures the steam is so far removed from the saturation point as to be 
practically a gas. 

3 Such engines really hold a sort of intermediate place between the 
steam engine and the gas engine, and should be so considered, and 
their performance bears out this classification. 

4 Ithink that the results of Mr. Mathot with the Wolf engine are 
fully confirmatory of those obtained by Professor Gutermuth. 


Mr. J. R. Brssins This subject presents a number of extremely 
interesting phases, not only in steam, but in gas power application. 
I wish to refer particularly to the low grade fuel produced in enormous 
quantities at the various anthracite collieries that appears to be largely 
unmarketable. 
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2 Low grade bituminous coal, such as the poorer lignites and 
and mine refuse, presents a problem quite distinct from that of anthra- 
cite refuse. The Jahns producer has been mentioned in this connec- 
tion, from which excellent results have been obtained in Germany, 
some of the coals running as high as 70 per cent non-combustible. 
This, on its face, would almost indicate a solution of the bituminous 
producer problem, but we learn that all fuels possessing the obnox- 
ious coking qualities (such as tend to form a solid mass in the pro- 
ducer and impede the progress of the blast gases) are unfit for use in 
this producer. This disqualification puts the damper on our enthusi- 
asm for bituminous producer work, which the average European finds 
it difficult to understand in regard to American practice. The relative 





Fic. 1 Sampies or BuckwHeat, Rice AND BARLEY; Rice AND BARLEY; 
AND CULM, RESPECTIVELY 


character of coals appears to be the point at issue rather than the 
type of producer, and in the last analysis the most successful pro- 
ducer will be that adapted to the use of the cheapest form of bitumi- 
nous coal, such as Pittsburg or Illinois slack. 

3 With this digression, we return to the subject of anthracite, 
and it may be of interest to the Society to know of some results that 
have been obtained in a practical producer test’ having for its object 
the determination of the operating qualities surrounding the use of 
these fuels. It may have some bearing upon the subject to say that 
our attitude was consistently negative, and the tests were made 
purely in the interest of a large coal operator who desired to market 
his low grade product in the form of electricity conveyed by long- 
distance transmission to centers of consumption, rather than in the 
form of small sized coal for which the market is neither stable nor 
lucrative. Part of the product, culm, cannot be marketed at all, 
and it is constantly accumulating at an embarrassing rate. 


‘Made in the producer gas testing department of the Westinghouse Machine 
Company, East Pittsburg, Pa. 
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4 The samples available for test are shown in Fig. 1 and comprise 
mixtures of No. 1, 2 and 3 buckwheat in the proportions regularly 
delivered by the breaker, it being the idea to expend no effort what- 
ever in attempting accurate sizing. At this breaker, No. 1 buck- 
wheat passes through a nine-sixteenths inch screen, and No. 3or barley 
over a three-thirty-seconds inch screen, the remainder being culm. Of 
these sizes, two series were tested; the first, freshly mined coal, and 
the second, crushed coal from the surface of an old “slate’’ pile con- 
taining 200 000 tons that had weathered for 20 years, but with appar- 
ently very little deterioration. The latter contained some “bone,”’ 
but little slate, and on the present market would probably pass as a 
fair grade of coal. Practically the same results were obtained from 
both series of samples. The smaller sizes analyzed as follows: 


PROXIMATE ANALYSES 


Rice and barley. Culm 


Per cent Per cent 
Moisture........ ticea ey weal (cack sawed 8.2 3.43 
Volatile matter. .. 5.73 4.87 
PRN Gack nvided ses kwk eas ae, ee roses, nn 61.07 
Ps kanes See ee rr ee sh ease ee 30.63 

100.00 100.00 
British thermal units per pound............ 10 918 6748 
Through one-sixteenth inch screen, per cent.......... 9.16 84.0 
TTT Te er Tee Pee TERT eee 2.34 


5 These mixtures were tested in a 500 h.p. standard pressure 
producer, operated in connection with the gas engine testing plant. 
No alterations were made in the plant to accommodate the smaller 
size fuel, and the same producer men were employed, although 
none of them had had previous experience with small low grade 
fuel. 

6 The tests extended over a period of several weeks’ duration. 
As buckwheat was standard producer fuel, and had already been 
used successfully in large quantities, no attempt was made to screen 
out this size. The buckwheat mixture, therefore, proved quite satis- 
factory. No bad clinker developed, and, with ordinary care, the 
fuel bed could be kept in good condition and normal gas generated. 

7 It was, however, found desirable to reduce the usual depth of 
fuel bed about 25 per cent, to lower the resistance to the blast, but, 
other than a slightly higher blast pressure, results were not appreci- 
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ably different from those obtained with the coarser fuel. The pro- 
ducer was handled carefully, but no more so than in the case of norma] 
operation. 

8 The accompanying log, Fig. 2, shows the results obtained upon 
the eighth day of this continuous run on rice and barley. Note that 
this log covers a continuous period of seven hours, and that the uni- 
formity of the results obtained is the best indication of their accuracy. 
Short time tests are always open to criticism by reason of the fact 
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Fic. 2 Loc of Propucer Test, Low GRADE ANTHRACITE 


that the results are so much more subject to internal influences, 
especially variations in the methods of charging coal. Note that 
the total heat value only is shown on this log. 

9 A day’s trial, with a mixture of culm, rice and barley, soon indi- 
cates the inadvisability of using straight culm, which was practically 
dust and showed a natural tendency to pack the fuel bed more than 
ordinary blast pressures could overcome, and as it was apparent that 
successful operation for any length of time would be problematical, 
involving more care than the low market value of the fuel would war- 
rant, this fuel was abandoned. 

10 During the succeeding days of the test, the producer was run 
on a rice and barley mixture, by some new men who were furnished 
with no special instructions as to the method of handling the producer. 
Naturally the results were not as good, Nevertheless, the full engine 
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load was maintained as usual. The following table gives a fair exam- 
ple of the gas made by these “green” operators, as compared with 
that possible with careful operation, as shown by the log. 


GAS ANALYSES 


Fair gas Good gas 

Per cent Per cent 
Carbon dioxid . 9.4 9.6 
Carbon monoxid .... 14.6 17.8 
Methane oe : L.2 1.2 
Hydrogen ; 16.9 21.9 
Nitrogen........ ; ° , 57.9 49.5 
Total British thermal units per cubic foot... . 115.5 142.5 
Effective British thermal units per cubic foot. ..... 105.0 27.0 
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Fie.3 Log or tar Test or AUTOMATIC PRESSURE REGULATOR OpreRATING 
on 500 H. P. Propucer 


11 A large variation in producer output with this fuel need have 
no effect upon the heat value of the gas, providing the blast is con- 
trolled automatically. The accompanying log, Fig. 3, shows the 
results obtained during two hours of a run with this point in view. 
During this period coal was charged only once; the heat value aver- 
aged 131 B.t.u. total per cubie foot, varying only 3.75 per cent from 
the mean. With the instantaneous changes in output shown by the 
lower curve and the practical uniformity of the gas, the point is 
clearly proved. 


CONCLUSIONS 


12 With careful operation, a buckwheat, rice and barley mixture 
will produce a gas quite equal in heat value and uniformity to stand- 
ard gas made from pea anthracite. With the rice and barley mix- 
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ture alone, a gas as low as 100 B.t.u. may be expected at times, 
and should be provided for in the design of the gas power equip- 
ment. Gas engine ratings should manifestly be based upon such 
cylinder sizes as will be sufficient to insure full load with the poorest 
gas allowable. Undoubtedly present standard producer and engine 
ratings might be adhered to with careful and intelligent operation. 
This is quite true with the buckwheat mixture, but with finer mix- 
tures conservative engineering dictates slightly lower ratings, especi- 
ally in mining regions where low priced labor must be reckoned with. 
This departure from present standards, however, is a matter for indi- 
vidual consideration and not necessarily broadly applicable. 

13. Now the question arises: Whether commensurate results 
may be obtained from this low grade anthracite burned under steam 
boilers, and if so, will the gas engine proposition be outclassed in the 
financial balance sheet? My observations at the collieries where this 
fuel is produced leads to a negative conclusion, as far as comparative 
operating costs are concerned. At this plant a mixture of rice with a 
little barley is used on a flat herringbone grate with three-sixteenths 
inch openings, with a grate surface ratio of one-thirty-fifth, the 
average firing rate is only 13.8 lb. per square foot of grate surface 
per hour and with induced draft of one to two inches in the flues. 
One fireman cannot handle conveniently more than 450 h.p. capac- 
ity, or about one gross ton per hour. A test with rice on a 300 
h.p. horizontal return tube boiler gave an evaporation of 6.23 lb. 
per pound of dry coal and about 75 per cent rating. This is equivalent 
to an average evaporation of about 5.75 lb. as actually fired. 

14 In general terms, the subject seems to present the following 
aspects: 


a Hand firing is a practical necessity, involving at least three 
times the labor required for producers equipped with coal 
handling machinery ; 

b Boiler efficiency decreases rapidly with sizes below one- 
fourth inch, probably averaging not over 50 per cent with 
a rice and barley mixture; 

c Boiler capacity is similarly affected, affording little or no 
forcing capacity; 

d The effect of ash in large percentages has a far more serious 
effect on boiler than on producer efficiency and capacity. 
Mr. W. L. Abbott’s valuable experimental work with 
bituminous screenings, illustrates this in a stnking man- 
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ner. He has shown, however, that within reasonable 
limits, low grade bituminous coal can be used successfully 
and stoker fired. A recent test at full boiler rating on an 
800 horse power double fired boiler equipped with Roney 
stokers has also shown good results with buckwheat 
anthracite containing as much as 23 per cent ash; a firing 
rate of 20 lb. per square foot of grate surface per hour; 
a boilerefficiency of 75.6 per cent, and an equivalent evap- 
oration of 8.77 lb. per pound of dry coal. 


15 Thus a certain part of the low grade fuel fields is available for 
steam purposes with mechanical stoking, but it seems conservative 
to limit the boiler to No. 1 buckwheat size for the most effective 
results. Below this size the producer evidently finds a special and 
fortunate application. 

16 Finally, a word as to sizing. Mr. Coxe (Report of Pennsyl- 
vania Coal Commission) has shown that a most confusing state of 
affairs exists in this regard. At the time of this investigation by the 
various operators there were in use 12 different specifications for 
pea, 15 for buckwheat, 16 for rice, 5 for barley and 16 for culm, the 
latter varying from a one-sixteenth inch round to a three-eighths inch 
square mesh. Both wire screen and punched plate were in use with 
square, round, oblong and slotted apertures, these varying from 30 
to 100 per cent in diameter for supposedly the same size coal. Obvi- 
ously, the only remedy for this muddle is a rigid standardization, 
and until such mutual action is taken, the customer must familiarize 
himself with local standards of the various collieries. 

17 In regard to the trend of the preceding discussion on the gen- 
eral use of low grade fuels, I believe Professor Lucke’s remarks are 
not representative of present conditions, or at least do not carry the 
proper inference. The relative “‘expensiveness’’ of two power propo- 
sitions, involves operating, as well as fixed charges. Admittedly, the 
gas power equipment is at present more expensive in first cost, but 
in the great majority of cases (excepting only those of exceedingly 
low fuel cost and loading factor), it quickly makes up for the deficiency 
by reducing the operating costs. 

18 I cannot agree with Professor Lucke that the equipment labor 
cost is much higher in the gas generating than in the steam 
generating plant, as I have pointed out above in the case of 
low grade anthracite. The specific instance he cites, in which 


the producer labor was abnormally high, does not apply, in the 
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least, to a well managed plant. When it is considered that in a pro- 
ducer plant, only one-half, if not a smaller percentage, of the total 
fuel tonnage of an equivalent steam plant has to be handled, and this 
practically by gravity, the injustice is apparent; and only in the case 
of a comparatively large installation, where fuel is handled entirely 
by good mechanical stokers, will a steam plant be able to rival its 
competitor in economy of labor. With high grade, double acting 
gas engines, in which lubrication is accomplished entirely by auto- 
matic means, where is the opportunity for the abnormalexpense 
charged against the gas plant? Simply because some small gas instal- 
lation of any given type happens to require the same number of men 
that would suffice for a plant perhaps twice as large, it is illogical to 
inveigh against the gas proposition as a whole. In the early stages 
of gas power development, which naturally involved small sizes of 
apparatus, criticism of this kind was frequent, but with the estab- 
lishment of larger plants, the opportunity for normal economy in 
labor arose. There is, of course, considerable difference between the 
operation of a simple anthracite plant, involving no auxiliaries, and 
a bituminous plant requiring either periodical fuel bed renewal or 
independent purifying auxiliaries. Bituminous practice is, however, 
rapidly crystallizing into more simplified operation, and even at 
present bears out the above contention. 

19 Furthermore, I maintain that an adequately designed pro- 
ducer can show far better results as to continuity of operation than 
the average boiler plant. A fundamental necessity, of course, is a 
water-sealed type of producer, permitting gradual and uniform dis- 
integration of fuel to ash without necessitating the renewal of fires at 
week-ends. An instance will suffice, a 500 horse power producer 
installation at Jersey City, using small anthracite. Iam informed at 
first hand by the engineer in chief that one of the producers, installed 
in 1898, was in operation 21 to 24 hours per day for a period of 
six years and ten months without the fires ever having been drawn 
And only then was a shut down necessary because the coal feeding 
bell had rusted off at its point of suspension and fallen into the fuel 
bed from which it could not be recovered without drawing the fires. 
Incidentally, the producer lining was found to be practically intact, 
and as soon as the bell was replaced, the producer was put back into 
service. This clearly indicated the possibilities of the water-sealed 
type of producer. 

20 Nor has the gas engine shown inferior results. A four months’ 
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operating record from a Kansas cement mill shows the following 


results from engines of standard Westinghouse construction: 


N Size Potal run Engine 
Type of engine mms brake horse per cent of repairs, per 
am} power total time cent of time 
Four months run 
Horizontal double acting 3 500 75.6 0.63 
f'wo months run 125 
Vertical, single acting ; : 13 to 97.95 1.13 
300 
> 


21 When it is considered that up to January, 1907, one manu- 
facturer alone had equipped 69 producer plants, located in all parts 
of the world, varying in size up to 3000 horse power, many of them 
having been in operation from five to seven years, it does not seem 
reasonable to term the gas power system as commercially unfeasible. 


Pror. C. KE. Lucke It appears that I did not make myself quite 
clear in my previous remarks in discussing the question of labor cost 
in firing. 

It was not my intention to give the impression that I believe 
a gas producer costs more to fire than a boiler when operated with 
favorable fuel. Ido not think so atall. The point | wanted tobring 
out was that when we attempt to pass from favorable gas producer 


fuel to unfavorable then the cost of firing increases very rapidly. 


DUTY TESTS ON GAS POWER PLANT 


By G. I. AtpEN anp J. R. Bispins, PuBLISHED IN Mip-NOVEMBER 
PROCEEDINGS 


Mr. R. E. Maruor It has often been demonstrated that the 
output of a steam engine apparently does not affect its friction load 

2 The most accurate method of determining the mechanical 
efficiency of a steam engine consists in taking the indicator diagram 
and calculating the power of the engine at zero load and then at nor- 
mal load. The mechanical efficiency will then be expressed by the 
ratio of thedifference bet ween these powers tothe power at normal load. 

3 I have never succeeded in ascertaining exactly the mechanical 
efficiency in the way Mr. Bibbins reports in his paper, that is, by com- 
paring the effective power recorded by the brake with the power cal- 
culated from the corresponding indicator card. 

4 The accuracy of an indicator cannot be depended upon in record- 
ing full load on an explosive engine, for there are too many sources 
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of error, as pointed out by Professor Lucke, besides many mechanical 
troubles in the operation of the indicators. The only practical way 
of determining the mechanical efficiency seems to be the method used 
in testing steam engines. 

5 A light or weak spring should be used for a series of at least 30 
to 50 cards, when the engine is under no load. This operation should 
be repeated several times with springs of different scales, so as to 
check one spring by the others and they should all be calibrated for 
errors. 

6 The indicated power so recorded would be the effective horse 
power required by the engine itself to overcome its own internal 
friction and resistance and give a means of calculating mechanical 
efficiency. 


Mr. C. L. Srraus' I notice that Mr. Bibbins refers to the effi- 
ciency of the producer, based on the lower heat value of the gas.) This 
is not a true efficiency of the producer. The efficiency of any appara- 
tus, whether a gas producer, steam boiler, or other device, is computed 
in terms of the actual value of the output energy, divided by the actual 
value of the input energy, the result being the percentage of the 
efficiency. 

2 The actual output value of a gas producer is represented in the 
higher heating value of the gas, it being no fault of the producer that 
the gas engine is unable to cope with the latent heat of steam, due to 
the combustion of hydrogen in producer gas. When reference is made 
to the efficiency of any gas producer, it should in justice be made 
to the higher heating value of the gas furnished by that producer. 

3 I would also like to ask Mr. Bibbins whether, in calculating his 
efficiencies, he used as his fuel basis the lower heat value of the fuel, 
and whether the calorific value of the fuel was determined by analysis 
or by calorimeter. If by the former method, unless commensurate 
ullowance was made, a high heating value was obtained. It is a fact 
also, that the calorific value of any fuel as determined by a bomb 
calorimeter, should be referred to the lower heating value of that fuel, 
providing the gas produced from the fuel is also referred to the lower 
heating value of the gas. 

{ Information was asked regarding the depreciation on gas engines 
and gas power plants. I know of a number of gas producer plants 


that have been in operation for 20 years and are still running. In one 


' Engineer, Loomis, Pettibone Company, New York 
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plant at New Haven, Conn., the average repairs per annum for seven 
years, have been $147. This plant was installed to burn under nor- 
mal conditions, about 18 lb. of fuel per square foot of combustion 
area. This is at the rating of 1000 h.p. on each pair of the four units. 
Under their commercial conditions, they are burning considerably 
over forty pounds of fuel per square foot. This means that they are 
getting continuously over 100 per cent overload out of the producer, 
and their efficiencies are considerably over 80 per cent, based on the 
lower value of the gas. 

Mr. Bibbins is to be complimented upon the very interesting paper 
he has presented. 


Pror. Witu1AM D. Ennis The thermal efficiency curve of Fig. 
2 is important, and should be thoroughly established. In the 
accompanying diagram, Fig. 1, curve J is plotted from the data 
given in Table 1. Curve JJ represents the results of three trials 
made in August on a 500 h.p. Westinghouse horizontal double acting 
gas engine with a 300 kw. direct current generator and a gas generat- 
ing unit built by R. D. Wood & Co., located at Richmond. This 
curve shows a less economical performance than the former, but 
the light load efficiency is higher in proportion to the full load effi- 
ciency. In other words, the curve is less steep. ‘The results charted 
are those of actual operation, the three tests being of from 125 to 136 
hours duration on actual shop loads so that the results are compar- 
able rather with that given in Table 8, viz: 2.015 pounds coal con- 
sumed per kilowatt hour, than with the brief “holder drop”’ tests of 
Table 1, or the 51 hour test. The best result at Richmond was 1.653 
lb. of Pocahontas coal per kilowatt hour, on a fluctuating load 
which averaged slightly over the generator capacity. The efficiency 
from coal as fired, to bus-bars, was about 14 per cent. This may be 
compared with the figure of 10.3 per cent recently given for one of the 
largest and most economical of our steam power plants. The thermal 
efficiency of the engine was close to 25 per cent. 

2 There is nothing gained by comparing these curves with those 
of steam engines. As is pointed out in the paper the total hourly 
fuel consumption, Fig. 2, is represented by a nearly straight line. 
Without mechanical losses, the efficiency curves of the accompanying 
diagram would be nearly horizontal lines. The greater preponder- 
ance of the effect of mechanical losses at light loads gives these curves 
their inclination and curvature. We might select for comparison a 
steam engine having very low mechanical losses—a simple engine. 
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It would give’a better efficiency curve, of course; but if we selected 
a more economical type of steam engine, the mechanical losses would 
be higher and the efficiency curve would not be as good as that of 
these two gas engines; still it would on the whole, be more efficient 
than the simple engine. As far as thermal efficiency is concerned, the 
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Fig. 1 Curves SHowine Gas Encine Erriciency 
total hourly fuel consumption, charted as a nearly straight line in 
Fig. 2, shows it to be almost constant; in the Richmond tests it was 
still more nearly constant. In order that such gas engines may 
have efficiency curves equal to those of the best steam engines, it is 
therefore necessary only that the mechanical losses be as low. Mechan- 
ical efficiencies of 83 per cent, as given in /, Par. 3, certainly give 
no ground for apprehension in this respect. 
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CONTROL OF INTERNAL COMBUSTION IN GAS ENGINES 


By Pror. C. E. Lucke, PUBLISHED IN Mip-NOVEMBER PROCEEDINGS 


Mr. R. E. Marnor Without wishing to cetract from the very 
valuable report presented by Professor Lucke, I would like to dis- 
cuss some phenomena shown by the indicator diagrams reproduced 
in his paper. Unless a special study of such cards is made, it is dif- 
ficult to determine whether the irregularities in diagrams are due to 
special phenomena occurring in the gas engine cylinder, or are simply 
the result of faulty operation of the indicator itself. 

2 For instance, in Fig. 4, 1 do not agree with Professor Lucke’s 
statements regarding the curves in the upper expansion lines. These 
undulations are not due to waves in the burning mixture, but are 
caused by the inertia of the indicator piston and usually appear when 
the indicator spring is too heavy for the running speed. 

3 Fig. 11 shows a different form of wave in the beginning of the 
expansion curve, such as generally obtained when preignition or very 
sharp and severe explosions take place, either in the cylinder or in the 
indicator. In the latter case, a common phenomenon, very rapid 
vibration, is communicated to the tracer, and to the moving lever of 
the indicator. 

4 When a powerful explosion takes place, as the result of the 
combined effect of preignition and too rich mixture, the top of the 
initial pressure line, instead of being smooth, is really a dotted line, 
showing that the tracer was vibrating on the paper. 

5 In order to determine and locate such troubles, I use a special 
attachment, consisting of a short tube fitted in the indicator cylinder, 
immediately under the piston. This tube prevents the piston from 
moving in the lower part of the cylinder, and as a consequence the 
tracer will only record the upper part of the diagram, thus showing 
the top of the explosion line and the beginning of the expansion line 
The stroke of the moving parts of the indicator being reduced to a 
minimum, they will no longer be subjected to inertia, and cards like 

Fig. 4 and 17 will show regular lines without waves, evidently prov- 
ing that this wave phenomenon has taken place, not in the engine, but 
in the indicator itself. 

6 Let us now consider Fig. 7 and 8, showing from eight to ten 
undulations while expansion takes place; that is, during one-half 
revolution of the engine at a minimum speed of say 200 r.p.m. If the 
undulations really represent wave effects, the indicator should give 
true and accurate records, even when used on an engine running at 
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2 by 8 (or 10) by 200 = 3200 to 4000 r.p.m. while it is well known by 
experienced testers that, no matter what indicator makers may claim, 
no instrument of standard construction will give reliable information 
on gas engines turning higher than 450 to 500 r.p.m. 

7 With reference to faulty indications given by this apparatus, 
I might also mention the apparent “scavenging” shown by an exhaust 
line traced under the atmospheric line, when a weak spring or a stop 
of the piston of the indicator is used to record the back pressure and 
the vacuum. 

8 From the examination of these so-called “vacuum cards” 
many makers claim that their engines are “scavenging,’’ while the 
diagram shows merely an inertia effect of the moving parts of the 
indicator that have caused the exhaust line to show a vacuum. 

9 In fact, in the study of about 500 tests, made since 1900 on all 
sorts of engines, I have perhaps found 20 or 25 cases where scaven- 
ging really occurred in the engine’s cylinder. 

10 Experience has shown how to determine the right spring to use 
with a good indicator for recording both true vacuum and back- 
pressure. This spring should have about a 25 lb. scale, just strong 
enough to overcome the inertia of the moving parts, and light enough 
to record distinctly both vacuum and back-pressure, as compared 
with the atmospheric line. 

11 Ido not wish, however, to deny the existence of explosive 
waves of the nature of those mentioned and demonstrated by Pro- 
fessor Lucke’s experiments. 1 would add, that physical properties 
such as lack of homogeneity in the mixtures, may generate explosive 
waves, or more accurately, waves in the explosions. These factors 
are of a mechanical nature such as vibrations in the walls of the cam- 
bustion chamber and in the flat bottom of the piston when sharp and 
sudden explosions take place. ‘The waves are usually generated from 
veryrich mixtures, which have a tendency to preignite or to fire early, 
as for instance, when the piston is at dead center and almost momen- 
tarily at rest. If these metal vibrations happen to synchronize with 
those propagated in the fluid, waves result that may be detected in the 
diagram. 

12 I wish Professor Lucke would continue his interesting experi- 
ments on larger engines, since they would surely result in a contribu- 
tion to the subject. 











ENGINES FOR THE USE OF SUPERHEATED STEAM 419 


ENGINE DESIGN ADAPTED FOR THE USE OF SUPER- 
HEATED STEAM 


By Max E. R. Touitrz, PUBLISHED IN SEPTEMBER PROCEEDINGS 


Mr. R. T. OpE We probably have had as much to do with super- 
heated steam engines as any other manufacturer in this country; we 
have at the Lancaster Railway Company’s main central station, three 
1500 h.p. superheated steam engines, one 600 h.p. cross compound 
engine at Millbourne Mills, a report upon which was presented to the 
Association by Professor Jacobus, and several others of from 500 to 
1500 h.p. 

2 Our experience has been that it is profitable to use a moder- 
ate degree of superheat in cases where service is continuous. This de- 
gree of superheat is not limited to any feature of design, but is because 
of the slight gain that can be obtained in the coal consumption. We 
found that high temperatures distorted the cast iron cylinders, and 
that it took about six weeks operation before the cylinders took final 
shape or set. In our designs we are very careful to leave nothing on 
the cylinder barrels that may cause unequal expansion or distortion. 

3 We find that poppet valve engines cost about the same as the 
ordinary Corliss engines. If it were not for the fixed American ideas 
so favorable to the Corliss valve engine, we think many manufac- 
turers of engines in this country would now be following the European 
practice, for the performance of the poppet valve engine is most 
satisfactory. 

4 In regard to the floor space and cost of the entire plant, we 
find that in the superheated steam installation the smaller quantity 
of steam required to develop the same power, as compared with the 
saturated steam engine, offsets the difference there is in the floor space 
and extra cost of the superheater, inasmuch as the boiler capacity 
required is less. 

5 In regard to piping equipment, we find that the same features 
suggested in regard to the design of the cylinder apply here also. 
If we take care with design we have no trouble from distortion. 

«6 As we are the introducers of the Schmidt system in America, we 
are very much interested in the results shown in the table. 

7 I notice there are three sheets of results given, and I do not 
know whether they are compiled directly from actual tests or tabulated 
from a few tests. I would like Mr. Toltz to tell us about that. I 
think these tables are of more value than anything else we have on the 
subject. 
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Mr. J. A. Seymour It would seem to be very important to empha- 
size the fact, which is referred to only indirectly by the author of the 
paper, that the possible increase in economy from the use of super- 
heated steam comes from two sources: 

a From the increase in range of temperature limits between 
which the engine works. 

b From the decrease in the amount of heat by-passed around 
the working cycle through heat transference to and from 
the cylinder walls. 

2 This heat transference is called by the author “ cylinder conden- 
sation,”’ as is customary, but the term is misleading. What is meant 
by “cylinder condensation” is condensation by reason of heat being 
given up by the steam to the cylinder walls during the early part of 
the stroke when the steam is hotter than the cylinder walls. Steam 
is also condensed at a later period during expansion in the cylinder 
in order to supply a sufficient heat equivalent to the work performed. 
This is not a source of loss of economy, but a gain, and in actual prac- 
tice the more economical the engine, the greater the amount of con- 
densed steam in the exhaust. 

3 When the range between the high and low temperature limits 
in any heat engine is increased, conditions are secured which, with an 
ideal engine would give increased economy. Practically, there is 
only a comparatively small saving in the economy of the engine 
from this source when using a high degree of superheat which to 
many of us, does not seem to compensate for the resulting decrease 
in the efficiency and reliability of the remainder of the plant. 

4 In regard to the saving from the second mentioned source, Pro- 
fessor Unwin pointed out, a good many years ago, that the effect of 
superheat in lessening the transfer of heat to the cylinder walls 
before expansion takes place and back again to the steam during the 
exhaust stroke, was very considerable for a comparatively small 
amount of superheat, but that, as the superheat was increased, the 
corresponding increase in this effect rapidly diminished and that the 
increased saving was not worth while for a superheat higher than 
from 100 to 120 deg. fahr. 

5 One of the difficulties encountered with ‘high superheat is 
cylinder lubrication. With moderate superheat there seems to be no 
greater difficulty in this respect than with saturated steam and per- 
haps, on the average, rather less difficulty. When you have very wet 
steam, especially with bad feed water, there will be more trouble with 


cylinder lubrication than with steam moderately superheated. 
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6 Valve troubles with superheated steam generally come from 
the distortion of the valve by reason of high temperature. Eight 
or nine years ago the regular form of unbalanced gridiron valve, such 
as was used on MeIntosh & Seymour engines, was tested with highly 
superheated steam, with the expectation that some other form of 
valve should possibly be adopted where superheat was used. The 
test showed this type of valve to be suitable in every way for use with 
highly superheated steam. Since that time some thirty-odd engines 
put out with this type of valve and aggregating 75 000 h.p., are run- 
ning with superheated steam, and no difficulties whatever have devel- 
oped. In none of these engines has the superheat been higher than 
125 deg. for the reason, as explained above, that it was not thought 
that there would be any practical gain, all things being considered, 
by increasing the superheat above this point. With this degree of 
superheat no troubles nor drawbacks whatever have been experienced, 
either in the engine or elsewhere in the steam plant. 

7 One of the principal reasons why these gridiron valves have 
given no trouble with superheated steam is that the seats are very 
stiff and the valves themselves are comparatively limber, so that the 
form of valve will easily follow that of the seat in case of any change in 
shape due to the high temperature. With superheated steam it is of 
the greatest importance to adopt a form of valve which, if distorted 
by a high temperature, will not stick or leak, and it should not be 
assumed that the double poppet valve is the ideal valve for this 
service. There are two large power plants in New York, the Inter- 
borough and the Manhattan Elevated, where the engines in both sta- 
tions were built by the same concern and are, in general, similar in all 
respects, except that in one station double poppet valves are used on 
the high-pressure cylinder, and in the other, ordinary Corliss valves. 
It is currently reported that the poppet valves are not as tight as the 
Corliss valves in the older station, and that the poppet valve engines 
do not give as good economy. 

S It is not fair to compare the performance of a Sulzer engine 
with that of the average American engine The Sulzer engine is 
built with a refinement of detail and a perfection of workmanship 
that would be commercially impossible in this country. This refine- 
ment makes possible a fine performance in spite of details, which, 
especially if designed for the usual conditions obtaining in power plants 
in this country, might be bettered. The writer greatly admires the 
Sulzer engine and its performance, but believes that it might give 
still better economy with some other form of valve 
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9 The economy of an engine using superheated steam should not 
be given in pounds of coal which combines with the engine perform- 
ance that of the steam generating and superheating part of the plant 
nor in pounds of feed water, for both methods make comparisons with 
other engines very misleading. It takes a good many more heat units 
to transform a pound of feed water into highly superheated steam than 
into saturated steam. ‘The economy of the engine should be stated 
in terms of the number of thermal units added to the feed water per 
unit of work, in the manner recommended by the Committee on Tests 
of this Society. By this means the apparently large percentages 
saved by the use of highly superheated steam, on the pounds of feed 
water rating, will be very considerably reduced when the correct rating 
is used. 

10 It is not possible to give examples of this from the author’s 
paper, since in the tests quoted he does not givethe vacuum. Beloware 
comparisons from published tests of an engine, made both with satu- 
rated steam and with highly superheated steam, and also of another 
engine running with a moderate degree of superheat. 


Pounds of steam per i.h.p. with 374.5 deg. superheat........ ae a .. 9.56 
Pounds of steam per i.h.p. with saturated steam ...............:.... ..13.84 
B.t.u. per i.h.p. per minute with 374.5 deg. gate were 203 .7 
B.t.u. per i.h.p. per minute with saturated steam..................24006. 248 .2 


Apparent saving with 374.5 deg. superheat on basis ial pounde of steam sup- 
plied to engine, per cent 30.9 


Actual saving with 374.5 deg. superheat on basis of B.t.u. supplied to 


OND Nh Grd vied nasa ceeeeseeeGGeesscbaet es ere 
Pounds of steam per i.h.p. with 92.3 deg. nom edvece-s 11.21 
B.t.u. per i.h.p. minute with 92.3 deg. superheat........ 209 .6 


Apparent saving with 374.5 deg. superheat compared with | 92.3 deg. super- 
heat on basis of pounds of steam supplied to engine, percent ..........14.7 
Actual saving with 374.5 deg. superheat compared with 92.3 deg. super- 
heat on basis of B.t.u. supplied to feed water, per cent............. 2.8 


11 These results are only intended to show the fallacy of making 
comparisons on the basis of economy ratings given in pounds of steam 
supplied to the engine, and they have no bearing on the comparative 
economy of the various degrees of superheat given, on account of the 
dissimilarity of the conditions in the tests quoted. The results are 
given on the basis of the Regnault valve of 0.48 for the specific heat 
The comparative savings are only slightly affected if the more correct 


values of Professor Thomas are used. 
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Mr. I. E. Moutrrop The total temperature of the steam is one of 
the most important considerations in this discussion. 

2 The writer had experience, for some ten or twelve years, with 
the use of superheated steam in large power plants. About 1896 
the Edison Electrical Illuminating Company of Boston increased the 
capacity of one of their power plants. Four 400 h.p. Babcock & Wil- 
cox boilers were installed in the fire room, equipped wth the Babcock 
& Wilcox attached type of superheater, designed for 125 deg. fahr. 
superheat. These were connected to the pipe mains already installed, 
in parallel with seven boilers of the same size without superheaters. 
In the engine room were some vertical triple expansion engines with 
piston valves, and one or two vertical compound engines of the type 
Mr. Seymour mentions, equipped with gridiron slide valves. 

3 We did not know much about the use of superheated steam at 
that time, and made this installation partly as an experiment. We 
expected to have some trouble with cylinder lubrication and also with 
packings, etc., but other than changing the grade of cylinder oil for 
one adapted to the higher temperature, which did not materially 
change the cost, none of the anticipated troubles developed. 

4 Of course, with the small number of superheaters installed 
the total temperature of the steam at the engines was not very much 
in excess of the temperature for saturated steam at the boiler pressure. 

5 Duringthe next few years, eight similar boilers with superheaters 
and a few more vertical compound engines of the gridiron valve type, 
were installed at the station. The subsequent installations were 
made in such a way that boilers with superheaters were run separate 
from those without, so that the total temperature of the steam at the 
engines would run up to about 450 deg. fahr. This later installation 
has been in use seven or eight years, and we have yet to experience 
any of the anticipated troubles due to the use of superheated steam. 

6 About five years ago we built a large turbine station using the 
same type of boilers and superheaters, except that here the steam 
pressure was 175 lb. and the superheaters built for 150 deg. fahr. of 
superheat. This nominally gives a temperature of steam of about 
525 deg. fahr., but while the boilers are being forced during the peak 
of the load, the total temperature of steam probably reaches as high 
as 600 deg. fahr. at times. 

7 We have found that under these conditions there are things to 
be watched. In some instances we believe we have found evidence 
of the deleterious effect of superheated steam on cast iron, which has 
been mentioned in the previous discussion, and we think the same may 
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be true in a measure in reference to gun iron. We are also pretty 
well satisfied that brass or copper are not good materials to bring in 
contact with superheated steam. No special difficulty was encoun- 
tered in the lubricating of the auxiliaries at this higher temperature, 
but there does seem to be a question as to whether there is any economy 
in carrying the superheat beyond this amount. 


Pror. WM. Kenr The discussion seems to have rambled all over 
the question whether we shall superheat steam or shall not super- 
heat steam. Now, the vital question is, assuming that we are going 
to have highly superheated steam, 625 deg. fahr., shall we use the 
poppet valve, or the gridiron valve, or some other valve? Mr. Sey- 
mour, I think, is the only one who has discussed this important ques- 
tion. Can we not have some more discussion on it? 


THE SPECIFIC HEAT OF SUPERHEATED STEAM 
By Pror. C. C. THomMas, PUBLISHED IN DECEMBER PROCEEDINGS 


Mr. A. R. DopcGe The paper by Professor Thomas shows a marked 
advance in the method of determining ¢, by electrical methods. 
There are several points concerning which the writer is in doubt which 
can probably be explained by the author. 

2 Referring to Par. 52 and Fig. 19, it should be noted that the 
values of total heat for saturated steam are from steam tables. These 
values are not thought to be sufficiently accurate to determine the 
constant heat curves BB.' Replotting these curves using for instance 
the total heat values given in the writer’s paper on ¢,, Par. 51, Fig. 
11, Proceedings A.S.M.E., April 1907, regular curves are obtained 
which show similar characteristics. Fig. 11 of my paper has recently 
been extended to include constant heat curves up to 1400 heat units, 
and no such irregularity as mentioned by Professor Thomas appears. 
As a slight error in the total heats of saturated steam causes a marked 
change in the characteristics of these constant heat curves, irregu- 
larities in the curves BB, Fig. 19, are not conclusive. Even if we 
assume the values of total heat from steam tables to be correct, the 
black points mentioned in Par. 36 show reversed curvature at high 
total heats. 


'Peake, Proceedings of Royal Inst., June 28, 1905, p. 201. Denton, Stevens 
Indicator, October 1905, p. 383 
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3 It is not clear whether the cold end of the thermo couple was 
kept at exactly constant temperature. Similar measurements of 
steam temperature by the writer show errors, unless each element of 
the thermo couple extends in one piece to the cold end, or unless the 
junctions between the couples and the extension piece to the cold end 
are sufficiently remott to prevent heat reaching them from the hot 
end by conduction. 


TABLE NO. 1 


COMPARISON OF Specipic Heats av THE Same Tora Heat 


6 
| 2 3 1 5 Mean Cp Values 
substituting Col 
otal heat Superheat at | Mean Cp at 15 Corresp. super Mean Cp at s (cy) )inequa 
alne e ale . at s nm - 
value 15 Ib. ab Ib. abs., Thomas heat at 590 Ib 590 Ib. abs aa 
using throt Thomas ; 
tling calorime- Pr —tan. a 
ter “p 
0 657 
B 25 559 
Cc 50 530 
D 100 507 
ke 150 196 17 691 682 
| 200 491 a5) 635 676 
G 250 187 G2 613 670 
H 300 485 129 598 667 
I 350 1S 169 586 665 
rABLE NO. 2 
COMPARISON OF Specivric HEATS AT THE SAME SUPERHEAT Derivev rrom Tasnie No. 1 
l 2 4 
Me in ¢,, values ibsti- 
Superheat deg. fahi Mean ¢,, values 15 Ib Mean ¢,, values 590 tutine Col. 2 . . 
abs., Thomas Ib. abs., Thomas equation ¢y, 
tan. a 
( 
p 
0 657 S40) 686 
5O 530 639 677 
100 5O7T 609 670 
150 496 591 666 
200 491 578 663 
250 1S7 567 661 


300 185 559 660 
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4 The straight line relation, as determined in Fig. 8 of the writer’s 
investigation, using superheated steam on each side of the calorimeter, 
establishes the following: 

5 The value c, varies with pressure in such a manner that at 


constant total heat cB = tan. a, where c,, is the mean specific heat 
‘p2 

for any pressure ond Cy, is the mean specific heat for any fixed 
pressure (15 lb. in Fig. 8), and tan. @ is a constant for any given 
pressure. Therefore, c,, and c,, may or may not vary with super- 
heat at constant pressure. 

6 The ratio of the specific heats, however, at any two pressures, 
and at the same time the total heats, must be constant. 


7 Taking the mean values of c,, at 15 lb. absolute, given by 


p2 
Professor Thomas for different degrees of superheat in Fig. 7, and 
. . . C1 
multiplying these values by the ratios = tan. @ found by the 
: - } 
pe 


writer between 590 lb. absolute and 15 lb. absolute, we obtain 
mean values of c,, for 590 lb. absolute. These are compared in the 
preceding tables with the values determined by Professor Thomas 
and are seen to differ considerably. 

8 The radical difference between the present values of ¢, given by 
Professor Thomas and those published by Professor Carpenter in 
November 1906,! using the same general method, as well as the 
marked discrepancy between all authorities emphasizes the desirability 
of a thorough investigation of the specific heat of steam by this 
Society which should include a complete revision of the steam 
tables. 


Dr. SANrorD A. Moss’ Professor Thomas is to be congratulated 
on the completion of this work over which he has been engaged so 
long and patiently. I understand this is a final announcement 
of the work, superseding previous preliminary reports. The follow- 
ing is my understanding of the method by which the final results are 
obtained. I would like to inquire if this is correct. 

2 Fig. 9 represents the final set of experiments practically equiva- 
lent to some others and taken as exactly representing all of the experi- 
mental work. Fig. 16 gives the same values, with change of vertical 
scale. The values of Fig. 16 for zero pounds are obtained by a proc- 
ess of fairing. If there were any sudden changes in the laws for 


'Steam Plant of the White Motor Car, Vol. 28 Trans. A.S.M.E. 
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very small pressures, the exact intersections with the axis for zero 
pounds pressures would not be correct. By plotting the various 
values given on a vertical line in Fig. 16 against temperature, Fig. 
17 was obtained. The figures on the curves in Fig. 9 and Fig. 16 
represent degrees of superheat. The ordinates of Figs. 16 and 17 
give total heat of superheated steam above saturation point, including 
the actual or intrinsic energy present in the steam, as well as the exter- 
nal work done by change of volume at constant pressure. Fig. 5 
and 6 are obtained by drawing tangents to the constant pressure 
curves of Fig. 17 or by some process equivalent to this, since it can be 
shown that specific heat at some constant pressure is rate of change 
of total heat. Fig. 7 and 8 were obtained from Fig. 17 by dividing 
ordinates by abscissae. In drawing the Mollier diagram of Fig. 21, I 
would like to inquire if Professor Thomas has assumed Regnault’s 
well-known formula for total heat of saturated steam: 


A = 1091.7 + 0.305 (¢ — 32) 


3 Ihave heard some doubt expressed as to the exactness of this 
formula. As I understand it, Professor Thomas’ experiments do not 
completely give the total heat of superheated steam above water at 
32 deg. since they give no information or indication concerning 
the total heat of vaporization, but only give total heat above vapori- 
zation point. 

4 The method which Professor Thomas uses of finding specific 
heat for zero pressure indicates that it is variable. There are strong, 
although not positive theoretical reasons, for believing that the specific 
heat of any gas at zero pressure is constant for all temperatures and 
is equal to the theoretical value given by molecular weight in com- 
parison with hydrogen. Furthermore, the lowest pressure for which 
Professor Thomas took observations, seven pounds, is not very nearly 
zero pressure. 

5 There is a vast difference between pressures which are practi- 
cally zero and seven pounds pressure, as may be seen from the corre- 
sponding differences of volume. For instance, the volume at 0.07 
lb. pressure is about one hundred times the volume at seven pounds 
pressure. The volume at 0.0007 lb. pressure is about ten thousand 
times the volume at seven pounds pressure. It seems to me that 
vast differences in total heat can occur under such circumstances. 


Mr. E. L. Jennincs_ Before superheated steam was widely used, the 
writer used oils for lubrication containing, according to the pressure, 
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size of cylinder and make of engine, from 5 to 10 or 15 per cent of 
animal fat mixture. On superheating engines it was found that more 
or less gum accumulated on the valve and packing, and to overcome 
it, the animal fat in the hydro-carbon oil was reduced. Finally some 
fluid mineral oil, such as was ordinarily used on machinery, was added, 
which overcame the gumming. Finding that the fluid oil would be 
thrown out by the steam, the idea was to get as heavy a film of oil 
as possible on the wearing surface and get rid of the gum to a great 
extent (the fluid mineral simply giving legs, so to speak, to the heavier 
oil). 

2 The writer believes that steam cylinder oil will not require a 
flash test over 550 deg. fahr. The so called high viscosity and flash 
test cylinder oil will give trouble in the cylinder in the way of petro- 
leum tar, burnt oil or gum, as you may elect to call it. 

3 As regards gas engine cylinders for automobiles or stationary 
engines, an oil that will go off in smoke should be used. The flash 
test of any gas engine cylinder oil should not be over 350 to 400 deg. 
fahr; otherwise, carbon or tar will get in the cylinders. After an oil 
is distilled, it should be cleaned by filtration, instead of being treated 
with sulphuric acid. This is very important. Cylinder oil suited to 
saturated or superheated steam is not at all adapted to gas engines 
or automobile eylinders. 


COLLEGE AND APPRENTICE TRAINING 
By Pror. J. P. JAcKSON, PUBLISHED IN OCTOBER PROCEEDINGS 


Mr. Basserr Jones, Jr. The Morrill Land Grant Act states that 
such State institutions as may be founded under the terms of its pro- 
visions shall be organized ‘‘to promote the liberal and practical educa- 
tion of the industrial classes.’’ Perhaps without the intention of 
the promoters of this act, this unfortunate bifurcation of the object 
of education has become an established fact. Colleges for the incul- 
cation of a so-called “liberal education” have, both in meaning and 
results, become distinct from the technical schools providing a spe- 
cialized education in purely technical fields. 

2 A liberal education is practical when it gives the student an 
altruistic aim and purpose in life, regardless of the particular field 
to which his energies are devoted. A technical education that is not 
liberal in this sense is not practical. The time is ripe for us to give 
a broader meaning to the term practical, when used in connection 


with education than that generally applied to it by public opinion. 








COLLEGE AND APPRENTICE TRAINING 129) 
3 The so called liberalizing studies should not be made separate 
from professional studies, but connected with them in every possible 
way. Political and social economies, for instance, have been deeply 
affected by the advance of science and engineering, and this aspect 
of these topics is the one to be accented in schools of technology. 
The engineer has also perhaps been the prime maker of modern history. 
The study of engineering history and its bearing on the solution of 
modern engineering problems has been strangely neglected, yet the 
historical method is likewise the method of engineering, and, in fact, 
the only sane method of attacking problems so deep in their effect 
upon society as are those of engineering science. 

4 Technical teachers complain that perhaps two-thirds of the 
student course is now given over to subjects not connected with 
engineering, and that any further broadening of the course of study 
would be positively injurious. But is it not a fact that the primary 
difficulty lies rather in the approach than in the material? There is 
too little emphasis on the connection between those studies that are 
purely technical and those that are not. Each teacher specializes 
too much in his own field without any consideration of the relations 
of his subject to those that the student is mastering at the same time 
“Why,” says the student, ‘fam I required to study history in an 
engineering school.”’ And he gets no answer to his query because 
he is not made to see the utility of historical study in his professional 
work and life. 

5 Professor Jackson shows precisely one of the weakest points 
in engineering education of today, namely, that our schools, failing 
to liberalize the student’s conceptions of nature by direct contact 
with practical life problems, have been supplemented by what in 
effect is a post-graduate course organized with a view to remedy this 
defect. 

6 The question is whether it would not be possible to organize the 
teaching system so that it will overcome this defect. Is it not pos- 
sible to require the student to devote at least three of his four months’ 
summer vacation to actual money making labor, under the mutual 
supervision of his college and employer? The material advantage 
gained by the student who adopts the method of supplementing the 
school semester by a period of actual dealing with the life conditions 
of his profession is very evident. He gives something which no 
teacher can give and no school provide—a sound judgment— without 
which a man is not worth his salt. 


7 One great advantage of such a combination of study and appli- 
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cation would be to clear from the student’s mind that which leads to a 
distinction between what is called a theoretical man and a practical 
man. A theoretical man is one who lacks definite experience in the 
limitations of fact. A practical man is one who lacks education in the 
development of ideas. One lacks circumference; the other lacks 
diameter, and the net result, in either case, is a lack of balance. A 
man who is to be more than a mere mechanic must have a theoretical 
knowledge of fundamentals. On the other hand, the man who lays 
claim to a special knowledge of theory—one who is disposed to jeer 
at experience, as many young graduates are—soon finds in the absence 
of controlling facts his inability to achieve concrete results. 


CAR LIGHTING 
By R. M. Dixon, PuBLISHED IN JANUARY PROCEEDINGS 


Mr. R. E. BruckNER' The steady progress in the various branches 
of engineering science tending toward greater economy has mani- 
fested itself in steam engineering by the production 6f the steam tur- 
bine, has also been felt in the field of railway lighting, and has led to 
the development of various forms of car illumination superseding the 
old candles and oil lamps. 

2 The three principal subdivisions which may be made in the 
present railway illumination are as follows: Pintsch gas, electricity 
and acetylene. Of these three systems, the one using Pintsch gas 
occupies the most important place and lights the greater percentage 
of railway cars in the United States. This is partially due to the 
fact that they were pioneers in the field and have been in operation 
for a considerably longer period than either the electrical or acety- 
lene companies, and also because they have an admittedly good system, 
whose superiority over the former illuminants is not questioned for a 
moment. 

3 The tendency of the American public to luxury in travel, regard- 
less of cost, has created a pressure on the railway interests of this 
country, and forced them to consider other forms of railway car illum- 
ination affording a higher efficiency and more brilliant illumination. 
Various companies have devised systems for lighting cars electrically, 
which up to the present time, although the illumination furnished by 
them is good, are not reliable under all conditions. One of the main 
reasons for the adoption of electric lighting on railways is the state- 
ment that there is no attendant danger, or, in other words, that it 


' Engineer, the Commercial Acetylene Company, New York. 
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eliminates the carriage of an explosive gas or volatile substance on a 
train. 

4 Much has been written concerning the dangers of the use of 

acetylene, owing to the fact that it possesses a power of combining 
with metals, such as unalloyed copper, to form an explosive com- 
pound known as acetylide of copper, and the fact that it will, under 
& pressure exceeding two atmospheres (gage), separate into its com- 
ponent parts, carbon and hydrogen, such separation being attended 
by a great increase in volume, and, therefore, an explosion. Much of 
this matter has been compiled without sufficient research, and, where- 
as these statements are in part true, the common acceptance of them 
exaggerates their importance. For instance, acetylide of copper 
can be formed by the action of acetylene on copper salts, but it has 
been conclusively proved that this action can not take place under 
service conditions, even with impure gas, as the formation of this 
compound requires the presence of ammonia in excess and a heat 
approximating 200 deg. cent. (Experiments of Bullier, Berthelot and 
Dr. Stillman.) Assuming that acetylene gas was stored in an empty 
cylinder to a pressure of ten atmospheres, and that any one of these 
cylinders, owing to fire, should be heated to 1436 deg. fahr., the dis- 
sociation of the entire volume of gas within the cylinder would be pro- 
duced, and the explosion of the cylinder would follow. 
5 It has also been found that, should ignition occur within the 
receiver containing free acetylene gas under a pressure of ten atmos- 
pheres, this ignition is communicated immediately to the entire vol- 
ume of gas, thereby causing similar results. Research has also 
proved that this ignition can not be communicated through very fine 
apertures, such as burner orifices, or finely divided substances, such 
as asbestos, kiesel-guhr, infusorial earth and unglazed brick. These 
substances possess a porosity or cellular air space of 80 per cent, and 
the interstices are of such minute caliber that the transmission of 
flame through them is impossible. 

6 The researches of Claude and Hess toward a practical and safe 
method of storing compressed acetylene have led to the use of acetone, 
a combustible organic liquid of high solvent power, and a cylinder 
completely filled with some inorganic porous material. Acetone 
boils at 56 deg. cent. or 133 deg. fahr., and at a temperature of 60 
deg. fahr. possesses the power of absorbing 25 times its own volume 
of acetylene gas per atmosphere. This method has been utilized in 
England, in France and in the United States in a commercial way. 
In both England and France, owing to the high price of asbestos as a 
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packing material for the cylinder, a mixture of infusorial earth, char- 
coal, oxid of zine, and chlorid of zine, is employed, as a porous filling 
for the cylinder. This materialforms a paste, which, upon being dried 
resembles chalk, which possesses a porosity or cellular air space of SO 
per cent, and its cells are of the most microscopic proportions. In 
the United States the cylinders are packed from end to end with 
asbestos dises, the structure of which is obtained by building up the 
dises of asbestos fiber, cemented together with silicate of soda. These 
dises have the same porosity as the French mixture, but possess the 
immense advantage over the latter of never breaking under shock 
or vibration. 

7 The storage cylinder then, as supplied by the Commercial 
Acetylene Company, consists of a steel shell 20 in. by 114 in., which 
is filled from end to end with asbestos dises packed in such a manner 
as to allow absolutely no free space within the cylinder. This asbes- 
tos filling, which is absolutely inert in the presence of acetone, is then 
saturated with the latter, the liquid acetone being absorbed by the 
asbestos packing and thoroughly saturating it. In so doing the 
acetone itself is in very finely divided particles and offers a maximum 
absorption surface, the gas being then held in a multitude of minute 
cells, each one of which is separated from the other by capillary aper- 
tures. The propagation of a flame or a shock through the entire 
mass is a physical impossibility. 

S Experiments conducted to demonstrate this fact have shown 
that an electric spark may be passed through a charged cylinder, and 
it will only produce local ignition involving perhaps a cubic inch, and 
there burn itself out without in any way affecting the remaining gas 
in the cylinder. It is also necessary to provide for the liberation of 
the gas contained in the cylinder in the event of this cylinder passing 
through a fire where it is highly heated on its exterior. This is 
accomplished by placing three or more fusible plugs, which melt at 
a temperature of 300 deg. fahr. in the shell of the cylinder. It has 
been found that these plugs melt long before any excessive pressure 
has been formed inside the cylinder, due to expansion by heat, and 
that as soon as they melt out, the gas escapes and burns as from a 
torch nozzle, completely emptying the cylinder of its contents with- 
out explosion. 

9 As further proof that these precautions thoroughly safeguard 
the cylinder from explosion, three instances may be cited: In one 


case ten cylinders, fully charged, were put in a fire of half a cartload 


of wood and 20 gallons of gasolene poured over it. Not one of the 
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cylinders exploded and everyone emptied its contents perfectly. Sec- 
ond, the yacht Vagabond, which was equipped with the Commercial 
Acetylene Company’s system, was burned to the water’s edge and then 
sank in the Hudson river. When the hull was raised, both cylinders 
were found to be intact, despite the fact that they had been heated to 
redness and then plunged into cold water. Third, a car on one of the 
roads equipped with our system, furnished with three small tanks to 
feed two powerful reflectors and which was used as an inspection 
car, was completely consumed by fire, nothing remaining but the trucks 
and floor beams. After the fire the three cylinders were found empty 
of gas, the fuse plugs having blown, but no explosion having taken 
place. 

10 One of the principal advantages secured by this method of 
storage is the immense amount of gas which may be carried in a 
small space. The standard Pintsch tank, measuring approximately 
20by 114 in., containsat a pressure of ten atmospheres about two 
hundred cubic feet of gas. A cylinder of the same size, packed with 
asbestos and charged to about 40 per cent of its volume with acetone, 
contains, at a pressure of ten atmospheres, 2000 cu. ft. of acetylene 
gas, representing 100 000 candle power, which, at an average daily 
consumption of 40 cu. ft. per car, gives a service of 50 days without 
recharging. This enables a railroed operating long distance trains 
to erect one charging plant, located perhaps at the Atlantic coast, and 
to send its cars from here to San Francisco and back five times with- 
out recharging. 

11 The production of acetylene gas is one of the simplest of man- 
ufacturing processes, carbide being merely dropped into water imme- 
diately liberating acetylene gas, which is then stored in an ordinary 
gasometer, and led from there through suitable driers and purifiers 
to a three-stage water cooled compressor where it is raised to a pres- 
sure of 150 lb., then stored in cylinders of the same construction 
as those used on cars, and thence piped throughout the yard to the 
various tracks where cars are to be gased. In order to get the full 
charge of gas into the cylinder, it is necessary to permit the pressure 
to settle, as the acetone does not immediately take up its full com- 
plement of gas, but with a charging period of five to ten minutes, and 
a storage battery pressure of 150 lb., 1200 ft. may be put into a cylin- 
der, or enough to operate it for 30 days. The extreme simplicity of 
manufacture, compression and delivery of this gas is best shown by 
the fact that at the present time the New York, New Haven and Hart- 


ford Railroad Company, operating approximately four hundred cars 
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employs one man at their charging plant, who not only makes alkthe 
gas and compresses it, but also charges all the cars now operated by 
this system. Also the Delaware, Lackawanna and Western Railroad 
Company, using both the Pinstch system and the Commercial Acety- 
lene system, operates its acetylene plant, which supplies 150 cars, by 
having their Pintsch superintendent devote two or three hours a day 
to the acetylene plant. The ground space occupied by a plant cap- 
able of supplying 500 cars is 46 ft. by 30 ft., and by the addition of a 
little more apparatus, not increasing the size of the building, this 
same plant will take care of 1000 cars. 

12 ‘The beauty and brilliancy of the acetylene flame is too well 
known to require any further discussion, and the concensus of opin- 
ion among the railroads conversant with the various forms of lighting 
is that at the present time, even with the unreasonable cost of car- 
bide, it is on a par with any in price on a candle power basis. 

13. The following table, taken from Leeds & Butterfield, shows 
the close approximation of the acetylene flame to sunlight, and the 
departure of the flames of various other illuminants from this stand- 
ard. 


ELECTRICITY COAL GAS ACETYLEN} 
COLOR IN SPECTRUM - With 3 Sunlight 
Incan- Lumi- Incan- 
Are Alone per cent 
descent nous descent 
air 
ted 2.09 1.48 4.07 0.37 1.83 1.03 l 
Yellow 1.00 1.00 1.00 0.90 1.02 1.02 l 
Green ; .| 0.99 0.62 0.47 4.30 0.76 0.71 l 
Blue .| 0.87 0.91 1.27 0.74 1.94 1.46 l 
Violet ‘ 1.03 0.17 0.15 0.83 1.07 1.07 1 
Ultra-violet 1.21 1 


Mr. GeorGe R. HENDERSON In Par. 23 in the able presentation 
by Mr. Dixon he speaks of the Central Railroad of New Jersey as hav- 
ing put in use a car with electric lighting which was independent of a 
stationary plant, or independent of the other members of the train, 
and it seems that an ideal system requires that each car lighted should 
be independent of: a, any stationary plant; b, any other car or 
engine; c, any movement of the vehicle. 

2 The first obviates the necessity for reaching or passing any 
given point, and leaves the assignment of car to traffic considerations 


only. The second obviates the placing of the car in a particular train 
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or position in the train, and leaves it free for any required service. 
The third obviates the necessity of running or moving the car, if it 
be desired to remain standing for an indefinite time, as in private or 
instruction cars, where it is sometimes desirable for the car to stand 
for a week or two, and if it is necessary to move it to supply it with 
light, or to attach it to another train, the lighting equipment does not 
satisfactorily meet the requirements. Cars independent of the enum 
erated conditions may be sent over foreign roads, or used as stationary 
apartments, and still have reliable light. 

3 It is evident that few lighting systems meet these requirements 
The gas and electric systems described elsewhere do not, since they 
depend either upon a stationary plant or wire or pipe line properly 
charged, or upon a sufficient movement of the car Candles and oil 
lamps meet these conditions, but the illumination is not satisfactory. 
An acetylene lighting system has, however, been recently installed 
which embodies all these desirable features, and also surpasses the 
other forms in brillianey of illumination. 

4 In Fig. 1 it will be seen that the generator is composed of a 
piece of twelve-inch pipe, eight feet long, which stands on end in one 
corner of the car. There is a can of galvanized iron, with a double 
grating at the bottom, about 33 in. long, in which carbide is placed. 
At the bottom is a valve for drawing off the residue when the material 
is exhausted. This has a couple of prongs which can be rotated by 
means of a lever to stir up the sludge, and by means of a stick it can 
be elevated and the liquid run out into a can placed under the car to 
catch the slacked lime. The top cover is secured by a nut and is 
removed when it is necessary to replace the charge of carbide. About 
one hundred and fifty pounds of carbide are ordinarily placed in a 
can. The size of the water tank is equivalent to a 12-in. by 33-in. 
reservoir. There are two pipes connecting the water tank down to 
the generator at a point about one-third its height from the bottom; 
the one extends from the bottom of the tank, and the other runs 
from the top with a reéntry piece extending one-third down into the 
tank and attached at the same height to the generator. 

5 When the car is to be charged (considering one that had been in 
use), the first thing is to shut off, by means of a valve, the gas which 
remains in the storage tank. The valve is then rotated to stir up 
the sludge, and raised to allow the slacked lime to fall into a cart, 
built on wheels, to receive this material. After it is emptied, the 
carbide can is pulled out at the top by men on the roof of the car. 
If there is any good carbide in it, it is allowed to remain. When the 
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CAR LIGHTING 
carbide is all gone, they put in an entirely new charge, and screw on the 
cover. 

6 Filling with water is accomplished by putting a hose through 
the safety valve, which keeps the valve in operative condition, be- 
cause the valve must be opened whenever the tank is filled with 
water. As the water fills the tank it flows down into the generator, 
and rises to the pipe connections and fills up in the water tank until iw 














Fic. 2 InTeRIOR OF CAR SHOWING GENERATING APPARATUS t 


it overflows. The safety valve is then closed and the water rises in the 


eae 


generator until it reaches the level of the carbide. Some of the car- 





bide is decomposed, forming acetylene, and the water is driven back 
into the tank, preventing the further generation of gas until required. 
The gas passes out through a condenser to entrain any moisture, 


through the special equalizing valve, giving a certain regulation of 
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pressure (which merely regulates the flow of the water) and then it 
passes down through the pipe into the receiver or storage tank. 

7 In this receiver the gas is carried at a pressure of two atmos- 
pheres. Passing through the reservoir it goes through a filter and 
regulator, which reduces the pressure to about 2.5 to three inches 
of water for burning. It then passes through a meter, to record how 
far the charge is exhausted, it being known how many cubic feet of 
gas are generated by 150 lb. of carbide, and then goes to the lights in 
the regular way. 

8 Experience on the Great Northern Railroad, which has over two 
hundred cars equipped with this system of lighting, has proved that 
there is no particular danger from freezing, if properly cared for. 
The illumination of these lights is about thirty candle power for each five- 
eighths cubic foot burner, and the cars are equipped with from 12 to 48 
lights, some of the dining cars having as many as 48 lights and some 
of the second class passenger cars as few as 12. The generation is 
about 44 cu. ft. of gas per pound of carbide, the carbide being in 
lumps running between 24 and three inches. One pound of carbide 
requires one-half pound of water for decomposition and slacking, 
and 150 lb. of carbide will run twenty 3-ft. burners for 50 hours, and 
will produce 30 000 e.p. hr. 

9 Mr. Flory stated that the dangers of the acetylene system were, 
in his opinion, very great, and Mr. Fowler spoke of some of the par- 
ticular advantages of charging at the end of the line. We know that 
the old systems of acetylene lighting which were charged and regu- 
lated by trainmen were unsatisfactory, as there was a considerable 
escape of gas and a danger of ignition. In case of accident to the 
system the acetylene flame ran through the car and burned up every- 
thing in it; but in the system above described it is practically impos- 
sible for the gas to escape in to the car in large volume, as it is charged 
outside at the end of the run, and the liquid drained off at the same 
time. Ifthe system should go out of commission, the only thing the 
trainman could do would be to light the auxiliary light. The Great 
Northern Railway had no trouble from explosions. 

10 It was shown by Mr. Bruckner that acetylene dissociates at 
1436 deg. fahr. if the pressure exceeds two atmospheres, and an explo- 
sion results. It goes without saying that any gas that will burn will 
explode if given suitable conditions, but with the small pressure 
carried in these generators (two atmospheres), even supposing that 
there should be such a temperature as 1436 deg. (which is consider- 
ably higher than red hot iron), there would be only a momentary 
increase in pressure up to about 450 Ib. 
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11 A piece of twelve-inch pipe is ordinarily tested for 500 lb. pres- 
sure, and the gross pressure in dissociation in the generator would be 
450 lb.—hardly enough to explode it. The lid or cover of the gen- 
erator, previously described, is made quite light; that is, while it is 
tight enough for ordinary pressure, any pressure above 50 or 60 lb. 
would cause it to blow, and if dissociation should occur in the gener- 
ator, this cover would fly off without causing any serious damage to 
the car. 

12 Thewriter does not see how Mr. Fowler figured the cost of acety- 
lene as five times that of the Pintsch light. There must be some mis- 
information in that respect. With carbide at $65 per ton, the gas 
costs about $7.50 per 1000 cu. ft., including labor and repairs, and 
with the cost of acetylene at $7.50 per 1000, the cost per candle 
power hour would probably equal the cost of the Pintsch mantle light 
at $5 per 1000, which is the ordinary cost of Pintsch gas. 


Mr. H. K. Brooxs It is a comparatively short time since there 
was any choice in the manner of lighting trains, gas being so much 
superior to oil for that purpose, and electric lighting not being success- 
fully applied. The use of incandescent electric lights however, 
merely in an experimental way, demonstrated their superiority and 
the possibilities and advantages of their use. In fact, the use of 
electricity was relatively a far greater improvement over gas than gas 
was over oil. 

2 The modern specifications of most of the better class of passen- 
ger cars call for electric wires to be run at the time the cars are built. 
There is a reason for this, and the traveling public is asking why any 
light with an open flame or which is the product of combustion should 
be used in a railway train, where every precaution for comfort and 
safety is expected. Where passenger lines are brought into compe- 
tition and electric lights advertised, the public so appreciate and 
patronize the better lighted trains that the adoption of electric light 
quickly follows, as a matter of course. 

3 The ordinary passenger coach, a few years ago, was considered 
properly lighted with 150 c.p. of gas light, while the earliest car 
equipped in this country with incandescent lights furnished 300 c.p. 
of electric light. Today the United States Light and Heating Com- 
pany’s electric system is operating on many cars in daily service on 
limited trains, which are equipped with 700 c.p. of electric light, 
and on some railway, buffet, and dining cars 800 c.p. of electric 
light are used in addition to power for ventilating and exhaust fans. 

4 Referring to Par. 19 and 20, it gives me pleasure to find a com- 
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mon platform on which to stand with the writer of the paper, and to 
these paragraphs I would like to add that the expense of operating a 
dynamo driven from steam taken from the locomotive is not looked 
upon with favor by some railway authorities who have made it a 
study. Steam must be taken from the locomotive at a time when 
most needed, there is the expense of a skillful electrician, the fluctua- 
tions of voltage due to rise and fall of steam pressure, the high voltage 
generally used, the expense of maintaining flexible steam connections 
between locomotive and dynamo engine, and the limiting of the car 
service to specially equipped trains, all of which interfere greatly with 
the distribution and mobility of the railway car service. 

5 Par. 21, relating to the use of storage batteries only. This at 
first glance appears to be an ideal system. Like its predecessor, how- 
ever, it is limited to trains on special runs. Similar to gas, it has no 
self-recuperating feature and must be charged at terminals, from an 
outside source; it also has a limited and constantly diminishing 
reserve source. Unlike gas, the charging rate of batteries must not 
be faster than the discharge and the inconvenience and delay of cars 
while waiting to be charged make this method unlikely of adoption 
except in special instances. 

6 The trend of the times is toward electric car lighting, taking 
power from the car axle to drive a small dynamo carried by each car, 
with a storage battery to furnish light when the car is at rest or below 
generating speed. As mentioned in Par. 23, this was first tried on 
the Central Railway of New York in 1890 by Morris Moskowitz. 
The battery is thus worked under ideal conditions and at proper 
intervals is being constantly replenished by the movement of 
the car itself. The life of the battery is thus greatly extended. 
It is not subject to injury from frequent disturbance or removal from 
the car, and considered from all sides this is proving to be the best 
method of lighting cars. About fifteen thousand cars have been so 
equipped in Europe, and several thousand in this country. 

7 There are three problems which require prominent considera- 
tion with axle-driven electric equipment: 


a The transmission of power from the car axle to the generator 
carried on the car. 

b The maintenance of constant voltage or pressure of the 
generator, through extremely wide and varying ranges 
of car and armature speed. 

c¢ The maintenance of the proper polarity of generators, irre- 


spective of direction of the car or axle. 
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8 It is evident that these and other functions must be automat- 
ically performed at the proper time to be of value. Time will not be 
taken to consider problem a and I will pass at once to problem b. 

9 In the United States system a constant voltage is maintained 
by shunting the current from the shunt field of the generator through 
a series of carbon resistance discs, the resistance of which is varied by 
pressing the discs together to a greater or less degree. This principle 
is new and has been so acknowledged by the patent offices in this 
and in foreign countries. 
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Fia.1 DIAGRAM OF Ri Srates Ligut aND Heatina CoMPANY’s SYSTEM 
Fic. 2. DiaGRam oF SysTEM WITH CARBON Discs IN SERIES 


10 Fig. 1 shows the United States system in diagrammatic form; 
comprising the generator with its shunt field winding A, its compressi- 
ble dises B, which are of high resistance, its fixed resistance unit C, 
its battery D, and lamp circuit E. 

11 The generator armature requires a powerful shunt field when 
revolving at low speeds and when the resistance discs B are not under 
compression all of the exciting current is compelled to pass through 
the shunt field A and fixed resistance unit C, thereby permitting the 
generator to yield its full current output at exceedingly low speeds 
of car travel. 
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12 When, however, the armature rotates beyond the predeter- 
mined speed required for its fixed output, pressure is automatically 
applied to the resistance discs B, thereby shunting or leading the 
exciting current from the field winding A, through the resistance 
dises B. 

13 It will be seen from this that a rational method of field regu- 
lation is obtained in this new and original manner. The range in 
the compressible discs is here really immaterial (so far as perfect 
regulation is concerned under the highest armature speeds), as the 
compression on the discs B is applied when the output of the gener- 
ator is to be held down against high armature speed, and a limited 
range in the compressible discs can in no way affect the perfect regu- 
lation of the generator under the highest speeds a train may attain. 

14 Ifthe compressible discs should actually become fatigued under 
compression the only detrimental result would be that the generator 
would yield its full output at a slightly higher speed of the train; 
whereas, under this condition in other systems; Fig. 2, with car- 
bon dises in series with the shunt field A, the generator would not be 
regulated under the high speeds, thereby permitting the voltage and 
current to rise beyond the normal, and practically making the gener- 
ator an unregulated machine under the high speeds. Again, in Fig. 1, 
any rupture taking place in the compressible discs B would in no way 
interfere with or open the field winding A of the generator. 

15 Fig. 3 represents the United States Light and Heating Com- 
pany’s automatic regulator and switchboard. The lower coil on the 
left is composed of a certain number of convolutions of heavy wire 
through which all the current generated passes on its way to lamps 
or batteries. An iron plunger floating in the magnetic field of the 
solonoid is acted upon by the varying strength of the generator cur- 
rent, being pivoted on a lever balanced against a spiral spring (con- 
tained in the small case at the right). Any attempt of the current 
to rise against the predetermined pull of the spring causes pressure to 
be brought on thetwostacks of carbon dises, which constitute a by-path 
or valve shunting from the dynamo field the proper proportion of 
current necessary to hold the output of the dynamo constant under 
widely varying armature speeds. 

16 This apparatus avoids the complicated mechanism, small 
motors, levers, pawls and ratchets commonly used for this purpose, 
by employing these carbon discs. The two coils at the top, Fig. 3, 
are for the automatic battery switch. There must be an automatic 
arrangement provided to put the lamps in circuit when the car stops 
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and to connect the lamps and batteries with the dynamo when the 
car attains a speed above fifteen miles an hour. 

17 This switch is magnetically arranged with a shunt winding on 
the two coils, which attract the steel armature and the switch at the 
proper moment. A series winding then comes into play to intensify 
the pull on the switch and also to demagnetize these coils when the 
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armature current stops, and the battery current reverses. If the 
switch should fail to open, the battery current would attempt to 
drive the dynamo as a motor and drive the car. 

18 Much energy and zeal have been displayed during the past 
few years in the development of switches of this kind. Some are 
fitted with carbon “breaking points’’ and other mechanism which 


vives a great deal of trouble. This switch is simple because of its 
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good design, principally, and because it opens by gravity at the time 
when ‘there is practically no current flowing. We have never had 
any trouble with this switch. 

19 Now passing to the third problem of the maintenance of 
the proper polarity of the generator, irrespective of the direction of 
motion of the car axle. This is accomplished by the automatic 
polarity changer. In the earliest type, which is still used by several 
companies, the generator brush holders are mounted on a ring which 
is carried on ball bearings. Eight brushes are used, and these are 
held tightly against the commutator by springs. 





hig. 4 Pontarrry CHANGER OF THE UNITED States Licur AND Herat! 
Company’s SyYsTeM 


20 When the armature turns in either direction the friction of 
the commutator brushes causes the brush holders and brushes t: 
change their position, so the polarity of the generator is preserved 
This involves the use of a number of flexible wires and small parts 
and changing the position of the brushes destroys the are of contact 
with the commutator, causing excessive heating of commutator and 
parts. The United States system has two commutator brushes only 
they are stationary and are not involved or disturbed when the pol 
aritv of the dynamo changes The polarity changer, shown in Fig. 4 
with the cover removed is applied to the end of the dynamo, and does 


? 


not depend on friction for its operation, has no flexible wires, and is 
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positive and certain in its action. It is operated by a latch or dog 
fastened to the end of the armature shaft. This latch is brought in 
contact with a projecting ring on which are mounted substantial 
knife switches; the movement of the armature shaft in either direction 
causes the proper switch to be thrown. As the armature speed rises, 
the latch A is withdrawn by the centrifugal force created so that no 
wearing action takes place during the high car speeds. It adds no 
rotating shafts, bearings or worm gears found in other so-called auto- 
matic polarity changers, nor does it constantly require adjusting. 

21 Par. 25 of Mr. Dixon’s paper states that the most satisfactory 
illumination is obtained from center lamps of considerable power; 
and that a great number of small lamps is apt to make annoying 
shadows. Professor Shepardson of the University of Minnesota made 
photometer tests of about forty cars, gas, oil and electricity, and he 
suys, ‘‘ The great advantage of electric light is shown, as it comes first in 
point of uniformity, a result of using many kimps of small candle 
power instead of a few lamps of large candle power.”’ 

22 With the experience of past years, and the high degree of pel 
fection reached by modern electric apparatus, electric lighting systems 
are not only as reliable and economical as any other system of lighting, 
but the absence of open flame and reduced fire risk makesit peculiarly 
adaptable Lo railway use and to all cases where uniformity of light is 
desired. 


THe AurHor The alleged danger involved in the use of Pintsch 
vas lighting for railroad cars, as referred to by Mr. Brooks and others, 
does not exist. There are four times as many cars equipped with the 
Pintsch system of gas lighting as the entire rolling stock of the United 
States of America, and it has been in use on railroad cars more than 
forty years, and certainly the managers of railroads would not 
employ, to such an extent, a system of lighting which involves a 
serious hazard. 

2 Electric light cannot claim freedom from hazard and applied to 
railroad cars has already caused much damage to rolling stock. Mz 
Henderson recommends the use of an acetylene generator system, 
because of its availability for ears which do not reach central supply 
stations, and Mr. Brooks also refers to the desirability of electric 
lighting for such cars. A great many cars are how lighted by Pintseh 
gas which do not reach central supply plants In some cases the gas 
is furnished by means of transport cars, and in other cases the gas is 


taken from one car to another without trouble or expense to the rail 
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npany. Usually cars in branch line service require very 


small periods of light and pressures of one or two atmospheres are 


to supply them from two to four hours 
Flory in his discussion refers to the cost of mantles as being 


riy chargeable to the expense of car lighting That is true, 


Pat ‘ 4] , ) 4 re 
parison of the cost of mantle renewals and the cost of electric 


ewa IS as I OV 
I th six single Pintsch mantle lamps giving at least 500 
a , ‘ hi +] . r. wh | ; 
er ight, requires about eighteen mantles per year, which a 
, = . , 
10 cents each 1s $7.20; but the cost of electr imp renewals 
( operating more than one hundred and y cal ome 
I riven ynamo some hn storage battel i! oUnel 
I ! vstem. averaged - th 1906. $52 per 
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T Y y} ? 7 ) »Y 7 , " Yr 
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Mr. O. W. Ott, ar presente ltothe Western Railway Club 
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I lrain Lighting iS DelNDg avery excellel escriptlo! of 
systems, With rellabie hgures as to the cost of instalation 
he costS are given in the 1iollowing table 
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Mr. STRICKLAND L. Kneass’' Referring to the formulae used for 
coverning the flow ot steam through the nozzle, the paper opel wit! 
the equations of a perfect gas, and then states immediate] terward 
that these cannot be directly applied to steam Par. 2 o1ves the 


basic empirical equations proposed and states that compared with 


accepted forms, they are the “most convenient for use d at leas 
as closely in agreement with the experimental dat The writer 
would like to ask Dr. Steinmetz if he has data to show ar close! 
correspondence between his derived formulae and the actual velocities 
than the formulae clven by fi cepted authorities 
2 Further, the value of a for adiabati expansion 1s give s 1.126 
Both Grashof and Zeuner state that a must vary with eve I ture 
of water and steam, as well vith the initial ! ! pressures 
For saturated steam it is civen at 1.134 and varies rom that e 
| 11, for 30 per cent ol watel If the expansion foll vs the l thi 
aw, it would appeal that the value of the coefficient a no ( 
constant is assumed the ithor 
y Par ©» States that an exponential equ blo! 5 | ererre 
considered more exact than that based on the “ mechan a Ulie 
thermal-constants.”’ Now the latte style Ol equation Is less con 
plex, the values can be taken from the steam tables, and the « 
’ ; ‘ - ai 
, lations are exceedingly simple to work out Che writer has used these 
" formulae almost entirely for adiabatic expansion, and finds that 
they agree closely with the Rankine equations, and for the above 
reasons has preferred them. 
‘ 1 Is it true that the flow of steam through a conducting or non 
conducting nozzle is governed by the law of adiabatic expansior 
Apparently Dr. Steinmetz accepts this theory in common with most 
authorities: vet there have been many experiments Made during the 
+ last 1S vears that tend to show that the velocity nd resuital 
_ energy may be eoverned 1) § somewh il different la n 
correspond more closely to the formula for a perfect gas than to the 
thermodynamic equation If the discharge of stean through 
llv. either by observation or by photog 


nozzle be examined critica 


raphy, it will be noticed that the issuing jet does not have the appeal 


ance of steam expanded adiabatically Inany form of nozzle, whethe 
converging, diverging or even an orifice in a plate, the issuing jet is 
m a reservolr at 


transparent. Suppose we take saturated steam fro1 


120 lb. and discharge it into the atmosphere ; if the steam expands 


adiabatically, there should be about 16 pel cent of moisture the 
issuing jet It is well known that even if there be a comparatively 


. 
| 
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small per cent condensed during slow adiabatic expansion, the steam 
is cloudy, whereas the jet within and beyond a nozzle is transparent 
Results of experiments have been presented before this Society 
where a thermo-electric couple was placed in a steam jet, and 


showed clearly an appreciable superheat within and beyond the 








ia. | ILLUSTRATION SHOWING THE APPEARANCE OF STEAM JETS DISCHARGING 
FROM NozzLES AND MOUTHPIECES 


nozzle, partly due to the friction among the particles of steam and 
partly to surface friction. It would therefore appear to be true that 
steam does not follow the adiabatic law during its free flow through 
a nozzle, for instead of partial liquefaction at reduced pressure, 
energy due to expansion is expended in agitating the particles of 


fluid and is reconverted into heat Judging from tests at hand 
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by which the energy of the jet has been determined from the 
weight of steam discharged per second, and the pressure on a target 
so shaped that the line of motion of the particles of the jet was 
diverted 90 deg., the discrepancy is not large, but it exists. It 
is to be hoped that someone will make careful and refined tests to 
determine the actual variation. The nozzle must be proportioned 
for each initial and terminal pressure used. 

5 The diagram shown in Fig. 1 illustrates several forms of nozzles 
and an aperture in a thin plate, discharging transparent jets under 
similar conditions of steam pressure and saturation and which are 
finally condensed into the usual white envelope of exhaust steam at 
the right hand side of the diagram. An attempt has been made to 
reproduce the photographs and a few words may be said in way of 
explanation: if we provide a background of black, the jets should 
appear white if an appreciabie amount of steam is liquefied; or trans- 
parent, if the issuing steam is dry and superheated. 

6 The upper nozzle is conoidal; the black background shows 
perfectly through the gaseous jet. There is a white line of surface 
condensation at the exit of the jet where it first comes into contact 
with the air. The expansion at the end of the nozzle is so rapid that 
the outer angle of discharge is nearly 45 deg. and the momentum of 
the particles expand the volume of the jet beyond atmospheric pres- 
sure, so that there is induced a subsequent contraction of the jet, 
due to the pressure of the atmosphere. There are, also, certain 
delicate lines of white moisture in the steam, which are apparently 
carried from the inside of the nozzle; the jet then disappears into 
a white cloud of condensation. 

7 The form of discharge from the aperture in a thin plate is very 
similar, except that the expanded envelope and subsequent contraction 
are more marked. The third nozzle is the well known form of diverg- 
ing nozzle having a ratio of 1.4 of the terminal to the minimum area. 
This nozzle is proportioned so that the internal pressure at the end 
of the nozzle shall be the same as the medium into which it discharges; 
the resultant jet is cylindrical. In these tests, a series of equi-distant 
holes was drilled in the nozzle and the pressure of the steam was 
determined during its flow through the nozzle. Based upon these 
experiments the writer published, in 1891,'some notes upon the 
curves of velocity and pressure which proved the advantage of the 


' Experiments on the Discharge of Steam through Orifices, Proceedings, Engi- 
neers Club of Philadelphia, 1891. 
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correct ratio between the terminal and minimum cross sections for any 
given steam pressure, in order to obtain the full energy of the steam 
jet. The velocity at the minimum diameter of the nozzle was found 
as expected, to be practically constant for all pressures, so long as 
the terminal absolute pressure is not greater than 58 per cent of the 
initial. It was also noticed that if the internal pressure of the jet 
at the end of the nozzle exceeds that of the air, or final medium, it 
will expand laterally with loss of velocity; this is shown in the case 
of the conoidal nozzle. If the divergent flare of the nozzle be too 
great, the steam will expand below the pressure of the air and a con 
traction of the jet will occur immediately beyond the mouth. 

S The diagram gives a fair idea of typical forms of jets; also, that 
the steam flowing through and from a nozzle is transparent, and 
apparently, that it does not follow the law of adiabatic expansion 
In view of the refined analysis by the author of the paper and his 
willingness to depart from accepted authorities, it is to be regretted 
that he has not included confirmatory data, nor taken up a newer line 
of investigation, which might include some of the points here raised 
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\MERICAN SocierTy OF MECHANICAL ENGINEERS Transactior Vol. LI-XXVII 


Proceeding October, 1906 January, 1908 


PERIODICALS 


\MERICAN ENGINEER AND RAILROAD JOURNAI ISSS to date 

\ERONAUTICS Vol. 1 1893 

THe RAILROAD GAZETTI 1870 to date Vol. I to date 

hight PACKAGES OF PAMPHLETS AND PHOTOGRAPHS; | portrait, George Westing 
house; 1 portrait, Charles R. Johnson; 1 portrait, Howard Fay; 1 photograph, 


Baldwin Locomotive. 
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EMPLOYMENT BULLETIN 


The Society has always considered it a special obligation and pleasant duty to be the medium 
of securing better positions for its members. The Secretary gives this his personal attention 
and is most anxious to receive requests both for positions and for men available. Notices are 
not repeated except upon special request. Copy for notices in this Bulletin should be received 
before the 15th of the month. The list of men available is made up of members of the Society 
and these are on file, with the names of other good men not members of the Society, who are 


capable of filling responsible positions. Information will be sent upon application 
POSITIONS AVAILABLE 


06 Wanted, firm to manufacture patented gas engine on a royalty or will sell 
outright. 


07 Junior member with patentable system of merit and wide application, 
would like to make equitable arrangement with small shop in New York or 
Brooklyn to have same built. Will require only small amount of capital 


MEN AVAILABLE 


57 Junior, Lehigh graduate, three years general mechanical experience with 
large steel plant, two years in foreign country, surveying, foundation and track 
work. Would like to locate with consulting engineer or would consider offer as 
representative and salesman. 


58 Mechanical engineer or assistant superintendent, familiar with modern 


shop methods and practice, interchangeable manufacturing and limit gages; can 


handle successfully all classes of labor. Location, California, Colorado or similar 
climate. 


59 Mechanical engineer, junior, who has specialized for six years in the manu 
facture of sheet metal goods and has occupied position of general manager in a 
concern employing large number of men, can take complete charge of organiza 
tion and is thoroughly posted on buying, selling, economic production, manu- 
facturing costs, ete 


60 ‘Technical graduate, age 32, twelve years broad successful experience as 
engineer of tests, designer, mechanical engineer and superintendent, desires posi- 
tion as adjunct or assistant in mechanical engineering department of recognized 
college or university, preferably, machine design, drawing or applied mechanics 
Has had experience in teaching. Best references 


61 Mechanical engineer thoroughly experienced in gas engine and automobile 


design desires position as mechanical engineer or superintendent 
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62 Member of the Society will be available for temporary engagement during 
the latter half of 1908. Can be of immediate service in executive work, calcula - 
tion and design, testing and experimental work, inspection of boilers, engines, 
machinery, tools and supplies, mechanical engineering of power plants a specialty; 
speaks French and Spanish fluently. 


63 Sales or advertising manager. Would like to correspond with a progressive 
manufacturer desirous of extending business at home or abroad. Thoroughly 
experienced in general business management, sales or publicity. Have recently 
returned from 18 months trip in European countries. 


64 Position is desired as chief engineer or superintendent with a firm engaged 
in or taking up the manufacture of gasolene trucks; associate member four years 
continuous experience in this work, rising from draftsman to superintendent; 
technical education, executive ability, systematic, energetic. Available May 1; 
present salary $2100. 


65 Technical graduate, four years practical experience, light and power sta- 


tions, heating and ventilating, etc., general steam and mechanical engineering ; 


66 Member of the Society, who for a considerable number of years has been 





in charge of all of the mechanical design of construction in connection with the 
tunnel work of a railroad company located in New York City, is now open for 


engagement. 


67 Manager, superintendent, or assistant; graduate Worcester Polytechnic; 
18 years experience, design and manufacture of light and medium interchange- 
able machinery; plant construction and maintenance. 


68 Cornell, M.E., now and since graduation abroad, acting as business man- 
ager and engineer for firm of engineers handling heavy machinery, desires position 
in the United States or Europe with exporting house. 


69 Member desires position as engineer in charge of construction and main- 
tenance of power plant or mill work. Cement mills a specialty; also familiar 
with high pressure hydraulic work, steam and electric work in general, blast fur- 
naces, level and transit, foundations, concrete, structural and mechanical details 


70 Mechanical engineer with an extensive experience with progressive manu- 
facturer at designing special machinery and tools. Anexpert on sheet metal work- 


ing machinery and tools. Can handle a machine shop. Location, Central West. 
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CHANGES OF ADDRESS 


ADAMS, Thomas D. (Junior, 1906), 357A Clinton St., Brooklyn, N. Y 

ANCONA, John F. (Junior, 1904), Ch. Draftsman, Eastman Kodak Co., Kodak 
Park Works, and for mail, 3 Emerson St., Rochester, N. Y 

ARNOLD, George (1904), Works Engr., C. W. Hunt Co., and jor mail, 6 Dongan 
St., West New Brighton, N. Y. 

BAGG, Samuel F. (1896), 114 Water St., Boston, Mass 

BASINGER, James Garnett (1907), 1580 Amsterdam Ave., New York, N. Y 

BAYLEY, W. (1904), Pres. and Ch. Engr., The Wm. Bayley Co., and for mail, 
521 S. Fountain Ave., Springfield, O. 

BOLLES, Frank G. (Associate, 1901), 188 Market St., Newark, N. J 

BRUEGEL, A. Theodore (1900), Hess, Bright Mfg. Co., 21st St. and Fairmount 
Ave., Philadelphia, Pa. 

BURTON, J. Harry (Junior, 1906), 534 N. Seminary St., Galesburg, Ill 

BUVINGER, George A. (1901; 1904), Hydraulic Engr., The Dayton Hydraulic 
Mchy. Co., and for mail, 29 Marshall St., Dayton, O 

COGHLIN, John P. (1901), Pres. and Treas., Coghlin Elee., 234 Main St., and 
jor mail, Box 884, Worcester, Mass 

CONKLIN, Millard Thorn (1892), Birmingham, Mich 

COOKE, St. George H. (Junior, 1905), Cambridge Bldg., Chester, Pa 

DICKINSON, William Noble, Jr. (1906), Mgr., Foreign Dept., Otis Elevator 
Co., 17 Battery Pl., New York, N. Y. 

DODDS, William B. (Junior, 1907), The Denver Gas and Elec. Co., 405 17th St., 
Denver, Colo. 

EKSTRAND, Charles (1898; 1903), Supt., Lowell & Palmer’s Plants, York, Pa 

FERGUSSON, Henry A. (1902), Missouri Athletie Club, St. Louis, Mo 

FORAN, George Jesse (1887; 1893), 115 Broadway, and jor mail, 471 Central 
Park W., New York, N. Y. 

FOSTER, Horatio A. (1895), Res. Engr., L. B. Stillwell, LOO Broadway, New 
York, N. Y. 

HACKSTAFF, John D. (Junior, 1901), Hope Engrg. and Supply Co., 901 Farmers 
Bank Bldg., Pittsburg, Pa. . 

HORSTMANN, Henry J. (1894), Secy. and Mech. Engr., Refractory Ore Extrac- 
tion Co., 410 Pearl St., Fort Wayne, Ind. 

HOUSKEEPER, Wm. G. (Junior, 1906), Westinghouse Lamp Co., 510 W. 
23d St., New York, N. Y. 

HUTCHINS, Harry C. (Junior, 1905), 611 W. 137th St., New York, N. Y 

HURD, Hobert J. (1894; 1897), Bridgeport, Conn. 

JACKSON, Roscoe B. (Junior, 1904), Genl. Mgr., The E. R. Thomas Motor Co., 
and for mail, 550 Bird Ave., Buffalo, N. Y. 

JOHNSTON, John Parry (1907), 930 Marquette Bldg., Chicago, Ill., and Stony 
Brook, Suffolk Co., N. Y. 
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KING, Chas. G. Y. (1891), Seey., The Warwick Co., 827 8. Union St., Chicago, and 
1020 Sheridan Road, Wilmette, Ill. 

KREUTZBERG, Otto August (Associate, 1904), Secy., Wm. B. Hough Co., 2310 
N. Paulina St., and 38 Roslyn Pl., Chicago, Ill 

McGOWAN, Francis X. (Junior, 1902), 14 Berkeley St., Lawrence, Mass 

MckKEKE, Neal Trimble (Junior, 1907), Asst. Foreman, Lake Shore and Michigan 
Southern Ry. Co., Collinwood, O., and for mail, 71 W. Main St., Sterling, Ky 

MAROT, Edward H. (Junior, 1903), 2801 Lehigh Ave., Philadelphia, Pa 

MAYER, Louis G. (Junior, 1902), Portland Ry , Light and Power Co., Portland, 
Ore., and for mail, 2916 N. Senate St., Indianapolis, Ind 

NETTLETON, William Alpheus (1905), Genl. Supt., Motive Power, Chicago, 
Rock Island and Pacific Ry. Co., La Salle St. Sta., Chicago, Ill 

PENNINGTON, James H. (1902), Mech. Engr., Bettendorf Axle Co., 42 Broad- 
way, New York, N. Y., and for mail, 108 N. Parkway, East Orange, N. J 

POLLARD, Willard Lacy (Junior, 1907), 1615 Florida Ave., Washington, D. C 

POWELL, E. Burnley (Junior, 1904), Stone & Webster Engrg. Corp., 147 Milk 
St., Boston, Mass., and for mail, 935 College Ave., New York, N. Y 

RY DING, Herbert Charles (1900), Asst. to V. P. and Genl. Mgr., T. C. I. & R. R. 
Co., Birmingham, Ala. 

SARGENT, Chas. E. (1891), Engr., Gas Eng. Dept., Wisconsin Engine Co., 
Corliss, Wis., and 2509 N. Hermitage Ave., Chicago, IIl. 

SMITH, Ephraim (1898), Colonial Steel Co., 84 High St., Boston, and 22 
Shirley Ave., Winthrop Beach, Mass. 

SMITH, Ernest L. (Junior, 1901), Repr., The Timken Roller Bearing Axle Co., 
Canton, O. 

SMITH, Harry Ernest (1897), Chemist and Engr. of Tests, L. 8. & M. 8. Ry., 
Collinwood, and for mail, 80 Knowles St., E. Cleveland, O. 


SNODGRASS, John McB. (Junior, 1904), The Columbian, Urbana, II. 
STRANAHAN, O. A. (1900), Westinghouse Mch. Co., 131 State St., Boston, 
Mass. 


SULLIVAN, Lucien N. (1903), 2207 First St. N. W., Washington, D. C 

TYLER, Chas. C. (1897), P. O. Box 507, Ilion, N. Y. 

TERRELL, Cary D. (Junior, 1901), Asst. Mgr. of Sales, Southwestern Dist., 
Pressed Steel Car Co., and Western Car and Fdy. Co., 504 Bank of Commerce 
Bldg., St. Louis., Mo. 

WETMORE, Charles P. (1901), Supt., The Stroh Die Moulded Casting Co., Mil- 
waukee, Wis., and 1535 Leland Ave., Chicago, IIl. 

WILCOX, Wallace J. (1891-1893), M. M. Las Vegas & Tonopah Ry. Co., Las 

Vegas, Nev 











Library of the Engineering Societies 


The American Institute of Mining Engineers 
The American Society of Mechanical Engineers 
The American Institute of Electrical Engineers 


A free reference engineering library containimg 50 000 
volumes. One of the largest collections of engineering 
literature in the world. It has many complete sets, 


among which are: 


Proceedings of the American Engineering 
Societies, Journal of the Iron and Steel Insti- 
tute. Comptes Rendus Academie des Sciences. 
Transactions and Proceedings of the Royal So- 
ciety of London, Annales de Chimie et de 
Physique, Annales des Mines, Dinglers Poly- 
technisches Journal, 


450 current technical journals and magazines are on file in the 


reading room 


A union catalogue of the serial publications of the three 
Libraries is accessible to the users of the Library 


THE LIBRARY IS OPEN FROM 9 A. M. TO 9 P. M. 


Librarians are in constant attendance 











